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SECTION 1 
INTRODUaiON 


1 . 1 GENERAL AVIATION BACKGROUND 

The '.arm General Aviation (GA) includes all aircraft, pilots and operations 
other thun the military', and the scheduled and supplemental air carriers. This includes 
such varied services as air taxi, aii industry, agriculture, business, personal, 

instructional, research, patrol, and sport flying. Consequently, the spectrum of 
vehicle types ranges from four engine turbo fets to simple sport gliders and balloons. 
Table 1 illustrates the broad range of vehicle characteristics associated with the 
above flying categories. 


Table 1. Performance Chot ’cier^stics for Typical General Aviation Aircraft. 


Category 

Typical 

Aircraft 

■KlHl 

Thrust or 
Horsepower 
at Takeoff 

Max. 

Cruise Speed 
(mpb) 

Range 

(stat.mi.) 

Air Taxi 

Twin Otter 

12,500 

2x650 

210 

780 

Air Cargo 

Electro 

155,000 

4 X 4000 

350 

3000 

Industry 

S-64 

Sky Crane 
(Helicopter) 

42,000 

2 X 4800 

125 

250 

Agriculture 

Pawnee 

2,900 

260 

130 

300 

Business 

Learjet 

15,000 

2 X 5900 

530 

2500 

Personal 

Bonanza 

3,400 

285 

200 

950 

Instructional 

Cessna ISO 

1,600 

100 

120 

650 

Research 

DC-3 

25,000 

2x 1425 

215 

3000 

Patrol 

Bell Jet Ranger 
(Helicopter) 

3,200 

317 

140 

345 

Sport 

Citobric/ 

1,650 

150 

130 

525 
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The GA fleet numbers over 162,000 aircraft, compared to the air carrier 
fleet of approximately 2,300. Thus, GA makes up 98.5 percent of all the civil air- 
craft in the U.S. At the end of 1974 the turbine-powered GA fleet alone numbered 
about 3,500 as opposed to 2,200 for the airlines. By 1984 the GA fleet is projected 
to grow to 8,200 while the oirMnes will number 3,500. Single-engine piston aircraft, 
numbering over 100,000, dominate the general aviation fleet, and in the 1980's these 
are expected to aggregate more ihan 200,000 planes. Figures 1 to 3 illustrate several 
FAA projections of the growth of qeneral aviation during the next decade (References 
27 and 28). 

General aviation carries one In every three intercity air passengers and is 
the only air link to more than 19,000 incorporated American communities; 379 of these 
cities have populations of 25,000 to 100,000 but no other kind of air service „ By 
1980 general aviation aircraft will be making two-thirds as man/ IFR (Instrument Flight 
Rules) flights as the scheduled airlines. With continued improvements in pilot training, 
basic aircraft safety, and low-cost Air Traffic Control (ATC) and navigational avionics, 
the general aviation aircraft will be used ever more effectively in airspace where thiy 
will "mix" with airlines and military aircraft. These heavily trafficked areas of mixed 
populations of airspace users generate the knottiest problems. 

1 .2 NASA GENERAL AVIATION ADVANCED AVIONICS SYSTEM PROGRAM 

The overall objective of this program is to provide the critical information 
required for the design of a reliable, low-cost, advanced avionics system which would 
enhance the safety end utility of this mode of transportation. Sufficient data will be 
accumulated upon which industry can base the design of a reasonably priced system 
having the capability required by general aviation in and beyond the 1980's. It is 
presumed that the architecture of this advanced system would be quite different from 
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Figure 1, U.S. Aircraft OperaHons 
(Reference 27). 


Figure 2. G.A. Hours Flown by 

Aircraft Type (Reference 
27). 



Figure 3. General Aviation Growth (Reference 28). 
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current general aviation avionics. The program will attempt to establish the technology 
for a total avionics system design (l.e./ navigation, guidance, control, powerplant 
management, displays, etc.) rather than singling out a particular subsystem, or function 
upon which to concentrate the research effort. 

Since general aviation accounts for the vast majority of civil aircraft opera- 
tions, as well as a substantial fraction of the passenger miles flown, it has a significant 
impact on the nation's economy and on the international balance of payments. Con- 
sidering the future, this segment of civil aviation can and should play an even more 
important role in transportation and in the nation's economy. However, a number of 
formidable obstacles exist. Operating procedures are complicated. Regulations are 
comprehensive and restrictive. There are the ever-increasing demands of the National 
Air Traffic Control system. These requirements cause an increase in the com- 
plexity of the onboard avionics with an associated increase in avionics systems cost. 

A related result is greater demands on the pilot in terms of training and proficiency in 
order to avoid any degradation in operational safety. 

To help overcome these obstacles, NASA has undertaken a general aviation 
avionics research and technology program. This program will utilize recent advances in 
microelectronics to make significant advances in general aviation systems and opera- 
tional capability. Its completion is keyed to providing the information required for 
the design of low-cost integrated avionic systems needed to enoble general aviation 
to fulfill its role in the 1980's. 

Specific objectives of the program are as follows: 

a. In FY75, initiate the formulation of an advanced airborne 
avionics system concept. This design would emphaisze 
efficient integration of all elements of the onboard avionics 
system, with the aircraft, with the ATC, and with the ground 
navigation systems. 
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b. In F'i76, define preliminary specIficaHons and performance 
requirements for the experimental avionics system. 

c. By FY77, identify optimal subsystems resulting from a tradeoff 
of candidate systems design as a function oft 

1 . Cost 

2. Reliability 

3. Expandability 

4. Flexibility 

5. Maintainability 

6. Simplicity of Operation 

7. Performance 

These cost"benefits-onalysis studies will make visible the many 
trade-offs between system requirements and system architecture. 
These studies will also evaluate the technical risks associated 
with the particular systems design-approach and the associated 
electronics technology used in the design of the system 
elements, i.e,, sensors, displays, actuators, etc. 

d. in FY78, provide specifications and performance requirements 
for a final systems design. 

e. In FY79, complete final systems design. System fabric ’ion 
and flight investigations are to be conducted to examine 
acceptability and performance. 

Five years will be required to complete the program activities. The first 
four years will be primarily concerned with the development and validation of design 
information, upon which the final system specifications will be based. The last year 
of the program will emphasize the final systems design and an examination of its per- 
formance and suitability using the NASA Cessna 402B aircraft. 


1 .3 OBJECTIVES OF ATC ENVIRONMENT FORECAST 

The objective of this particular study is to forecast the ATC environment 
for general aviation in the 1980's and beyond. It is recognized that the FAA is 
proceeding with the development of the "Upgraded Third Generation ATC System" 
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(UG3RD) which is scheduled for use in thof time frame. General aviation aircraft, of 
course, will be operating in that system. To support the Advanced Avionics Program, 
NASA desires to know what requirements will be placed on general aviation aircraft 
operating in the UG3RD system. Any changes in the methods used to accomplish the 
four primary functions of ATC (control, navigation, surveillance, and communication) 
could have an impact on the onboard avionics system design. 

In the course of this study, ASI performed the following tasks: 

• Task I. Since general aviation covers a broad spectrum of users, 

such' ds air taxi service, business travel, personal travel, recreational 
flying, agricultural applications, and police surveillance, to nome 
only a few, the avionics requirements to operate In the future ATC 
system will undoubtedly differ. We have therefore attempted to 
categorize the different users of general aviation based on avionics 
requirements. 

0 Task II. The UG3RD ATC system being developed by the FAA has 
nine key features as listed below: 

Discrete Address Beacon System (DABS) 

Separation Assurance System (SAS) 

Area Navigation (RNAV) 

Microwave Landing System (MLS) 

Upgraded ATC Automation 

Airport Surface Traffic Control (ASTC) 

Wake Vortex Avoidance System (WVAS) 

Flight Service Stations (FSS) 

Aeronautical Satellites (AEROSAT) 

ASI has assessed the avionics requirements ploced on each of the use 
categories identified in Task I by each of the nine features of the 
UG3RD system, particularly those features of the UG3RD ATC which 
will make new or modified ovionics equipment either required or 
desirable. Avionics that will be required have been identified 
separately from those that will be desirable, but not required. 
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• Task III . For each use category/ the critical parameters that are 
necessary for component design have been Identified. Examples 
include the following; the frequency range and spacing of com- 
munications channels; the range and accuracy required of the 
various navigation and communication systems; the type and 
format of information that will be available through aata-IInk 
systems. 

• Task IV . Although the FAA Is proceeding with the UG3RD as 
defined in Task 1, it is also recognized that certain deviations 
from this plan are being investigated. An example of these 
deviations is the use of the Airborne Traffic Situation Display 
(ATSD) for collision avoidance. Consequently, we have surveyed 
all possible deviations from the UG3RD plan and assessed the im- 
pact of these deviations on the avionics requirements for general 
aviation aircraft, 

• Task V . The UG3RD system appears to be headed toward more 
mixing of commercial and general aviation aircraft in the ATC 
system, but the possibility remains that ATC for commercial and 
at least certain segments of general aviation aircraft could be 
more separated in the future. The possibility or feasibility of 
this situation has been assessed. 

• Task VI , Finally, features of the UG3RD that could be chonged 
to minimize the avionics requirements for the different use cate- 
gories of general aviation, without changing the objectives of 
the UG3RD system, have been identified. 


1.4 OUTLINE OF THE REPORT 

Section 2 of the report discusses the air traffic control environment in the 
1980's, including the upgraded third generation ATC system and several potential 
additions to it. A series of general aviation user groups based on Increasing avionics 
requirements Is defined, and specific ATC scenarios are hypothesized in Section 3; the 
associated avionics requirements are then presentee' 'or each group. Section 4 sum- 
marizes critical system design parameters for the various airborne equipments. The 
possibility of some general aviation alternatives to the presently envisioned UG3RD are 
discussed in Section 5. Conclusions and recommendations are presented in Section 6. 
Finally, the Bibliography contains a variety of pertinent documents which were consulted 
during this study. Individual relerences in the text of the report are citations from the 
Bibliography. 
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SECTION 2 

AIR TRAFFIC CONTROL FOR THE 1980's 


2.1 HISTORICAL PERSPECTIVE 

The air traffic control (ATC) system currently operated by the FAA In the 
United States' Notional Airspace System (NAS) is the result of an evolutionary process. 
Improved capabilities, based on technology advances, have been introduced into the 
system to support the increasing utilization of the ATC services. 

Significant levels of evolutionary progress in the ATC system have been 
loosely identified as successive generations, as shown in Table 2 (Reference 111). 

The earliest air traffic control system, or first generation, relied solely on manual 
operating procedures, with aircraft separation based on pilot position reporting. Radar 
and other advanced technological concepts developed during World War II were adapted 
for the post-nvar air traffic control system, resulting in the second generation ATC system. 


Table 2. ATC Generations (Reference 111), 


Generation 

Time Period 

Key Features 

First 

1936-1960 

- Procedural Control - Flight Strips 

- Limited Control - Mostly by A/G Radio 

Second 

1960-1970 

- Radar Control Introduction of ATCRBS 

- Limited Flight Strip Printing 

Third 

1970-1975+ 

- NAS Enroute and ARTS Automation 

- Increased Use of ATCRBS 

- Centralized Flow Control 

Upgraded 

Third 

1975-1995 

- Upgraded ATC Automation 

- DABS, ASA, RNAV, MLS etc. 

Fourth 

1995-? 

- New System Organization 

- More Automation 

- New Surveillance, Communications, 
and Navigation Systems 


PSfiGIDING PAG® BLANK WOT PILMto 


ABnOBPACB BYBTEMB, IIMC. • ONE VINB anOCIK PABK * aURUNBTON, MASBACHUBETTB oieos • (017)372-7017 




AddlHonal technical progress, parHculorly In automation and other forms 
of electronics innovations, resulted in whaf is recognized os the existing third genera- 
tion ATC system. Based on the results of Project Beacon (Reference 23), the third 
generation system constitutes the first stage ot automation for ATC operations and 
utilizes secondary radar to augment the surveillance function. This initial step of auto- 
mation consists of two subsystems; NAS Stage A, which is operational at all 20 Air 
Route Traffic Control Centers providing enroute control over the entire conterminous 
United States; and ARTS III, which is used at 61 of the busiest terminals. In addition, 
a slightly scaled-down version of ARTS Ml is scheduled for Implementation at a number 
of terminal areas of lower density traffic activity by 1980. 

In 1969, the Department of Transportation's Air Traffic Control Advisory 
Committee's (ATCAC) report was issued (Reference 22). Its primary conclusion was that 
continued upgroding of the ATC system would be necessary even after the Project Beacon 
recommendations were implemented, in order to meet the projected demands for ATC 
service in the late 1970s and beyond. Specific recommendations were made for an 
evolutionary upgrading of the system. Accordingly, the term "upgraded third generation 
system" was applied to the resulting configuration. This Is the system intended for 
operational use through the 1980s and into the 1990s. 

2.2 THE UPGRADED THIRD GENERATION ATC SYSTEM 

Upgrading of the present ATC system will continue through the late 1970s 
and well into the 1980s. The upgraded third generation (UG3RD) system has nine major 
features which are under development to satisfy four important system needs; Improved 
safety, Increased capacity, lower user costs, and lower operating cost. The nine 
principal elements of the UG3RD are described briefly in this subsection. It must be 
recognized, however, that although development activities have started on all nine. 
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implemenfaMon decisions have nof been made on most and will not be made until com- 
prehensive cost/benefit analyses are completed. The development and 'mplementation 
schedules presented are based on FAA program plans (Reference 7), and the latest 
reported milestones (Reference 111). 

2,2,1 DISCRETE ADDRESS BEACON SYSTEM (DABS) 

The DABS was a major aspect of the ATCAC recommendations (Reference 22) 
to provide intermittent positive control (IPC) for aircraft separation assurance. The 
ground-based IPC service was expected to be completely automatic, based on computer 
processing of surveillance data, detection of impending conflicts, and the generation 
of the necessary data link messages. The transmission of information to/from the air- 
craft required that the discrete address beacon system have the capability for a data 
link. The objectives of the DABS development, therefore, are to provide the basis 
for the IPC function through improved surveillance and accuracy, plus an integral 
data link between the ground and the aircraft. 

An additional objective of the DABS system Is to interrogate aircraft indi- 
vidually to avoid a situation known as synchronous garble. The present air traffic 
control radar beacon system (ATCRBS) generates about forty replies from an aircraft 
during the time that the beam is illuminating the target. Synchronous garble occurs 
when two aircraft are at the same range and the same bearing , but not at the same 
altitude. This causes their replies to overlap, making it difficult to identify the 
individual replies. The discrete address beacon system would use a single coded 
interrogation for each aircraft; since only that aircraft would reply to the interro- 
gation , the problem of synchronous garble would be eliminated. Another major 
advantage of DABS Is its ability to limit interrogations to only those targets for which 
it has surveillance responsibility, rather than continuously interrogate all targets 
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within line-of-sight. This prevents surveillance system saturation caused by all trans- 
ponders responding to all interrogators within line-of-sight. 

An important consideration in the design of DABS is the ability to implement 
it on a time scale and at a cost acceptable to the aviation community. By the time 
deployment of DABS could begin^ there will be on the o. of 200,000 aircraft equipped 
with ATCRBS transponders and approximately 500 ground interrogators. DABS must be 
designed to operate in this environment and in a way which permits a gradual, economic 
transition to an all -DABS operation over a 10- to 15-year period. 

This has been achieved by providing a high degree of compatibility between 
DABS and ATCRBS, DABS uses the same interrogation and reply frequencies as ATCRBS, 
and the signal formats have been chosen to permit substantial commonality in hardware. 
This degree of compatibility permits economic realization of two essential elements of a 
smooth transition: 

a. DABS interrogators provide surveillance of ATCRBS-equipped aircraft; 

b. DABS transponders reply to ATCRBS interrogators. 

Thus DABS equipment, both on the ground and in aircraft, can be Introduced gradually 
and continue to operate with existing systems during an extended transition phase. 

Table 3 presents a comparison of DABS and ATCRBS characteristics and accuracies. 

The development of DABS was assigned to MIT's Lincoln Laboratory as the 
system design contractor. The basic design and breadboard verification of DABS is 
essentially complete, and an experimental DABS facility (DABSEF) is currently in opera- 
tion at Lincoln. The DABS design is now being tested together with the I PC concept by 
Lincoln Lab, and the FAA is currently testing sensors and tronsponders at NAFEC. A 
contract for three prototype ground sensors and 30 airborne transponders was recently 
awarded by the FAA, with the first ground installation scheduled for late 1977. The 
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Table 3, Comparison of DABS vs ATCRBS CharacterisHcs. 


PARAMETERS 

DABS 

ATCRBS 

Frequency Up 

1 030 MHz 

1 030 MHz 

Frequency Down 

1 090 MHz 

1 090 MHz 

Range Accuracy (3o) 

1 00 ft. 

1 000 ft. 

Azimuth Accuracy (3cr) 

0.l° 

0.75° 

Altitude Accuracy (3o) 

125 ft. 

125 ft. 

Addresses 

1 6 Million (224) 

4096 

Uplink Message Length 

32.5 psec 
112 bits 

8 to 2 1 usee 
3 bits 

Downlink Message Length 

1 20 usee 
112 bits 

20.3 psec 
15 bits 

Data Link Messages 

UnlimL'-d 

Ground-Air-Ground 

Limited to Aircraft 
1 .D. and Altitude- 
Downlink Only 

Surveillance Capacity 

2000 A/c Per Sensor 

Garble Limited 

Coverage 

ATC Facility can draw 
on any sensor in its 
airspace 

ATC Facilities use 
only their own 
sensors 


implemenfation decision will follow nearly two yeors of operational testing, with 1981 
being the earliest possible implementation dote. Table 4 presents a summary of the 
latest development/implementation schedule for DABS. 

Although the development of DABS is well underway, its eventual imple- 
mentation remains uncertain. This decision still depends strongly upon the future of 
intermittent positive control, which at the present time is an unproven concept. 

Moreover, the IPC function could potentially be achieved with the existing ATCRBS, 
providing the accuracy were enhanced and a separate data link were utilized. Equiva- 
lent accuracy to that provided by DABS might possibly be obtained by upgrading the 
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Table 4. Projected Implementation Schedule for DABS. 


Date 

Milestones 

Through 1 975 

Basic design and signal format. 

Experimental facility operational at MIT Lincoln 
Labcratory. 

March 1976 

Contract to Texas Instruments for three prototype 
ground sensors. 

Subcontract to Collins Radio for 30 prototype airborne 
transponders. 

Summer 1976 

National standard for airborne transponder, 

October 1977 

First prototype ground sensor Installation at NAFEC. 

December 1977 

Begin year of multi -site testing, followed by year of 
tests at field facilities. 

January 1978 

Second ground sensor installation at Philadelphia. 

April 1978 

Third ground sensor Installation at Elwood, NJ. 

1979 

Implementation decision. 

1981 

Earliest date for system Implementation. 


existing ATCRBS transmitters to use monopulse techniques instead of beam-splitting. 
However, the synchronous garble problem could not be avoided without discrete 
addressing. The magnitude of this problem is difficult to evaluate because it Is so 
strongly linked to the density of aircraft, which has not increased as rapidly as pre- 
dicted. The establishment of terminal control areas (TCAs) has discouraged large num- 
bers of VFR aircraft from utilizing the terminal air space. In addition, commercial 
traffic growth has diminished partially due to the Increased use of wlde-body jets and a 
general decrease In the demand for air carrier services. 

If the discrete address beacon system is implemented, it will require a new 
transponder which is targeted to cost slightly more than the present ATCRBS transponder 
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and oncoding alHmeter. In addlHon, an tPC display probably would be required. 

Those sophisticated users who desired to use the data link From air to ground would 
require an optional on-board console. Although such consoles for DABS have not been 
developed yet, they could be expected to cost in the neighborhood of $20,000 or more, 
The critical system cost element will be the ground sensor and associated software. 

Although DABS' primary function is to provide surveillance and air-ground 
communication service to air traffic control Facilities (including IPC), on air-to-cir 
mode, termed Synchro-DABS (Reference 88), could operate as backup to the ground- 
based IPC function. By proper timing of the interrogations to all DABS-equipped 
aircraft, suitably equipped aircraft could utilize the DABS replies from other nearby 
aircraft to perform onboard proxirclty vwning indication (PWl) and conflict detection. 

2.2.2 AIRCRAFT SEPARATION ASSURANCE 

The aircraft separation assurance progrom consists of five separate but related 

activities: 

1 . Conflict Alert (CA) 

2. Extended Flight Plon Requirements 

3. Expanded Altitude-Reporting Transponder Requirements 

4. Beacon Collision Avoidance System (BCAS) 

5. Intermittent Positive Control (IPC) 

These span a period of time from those which are being implemented immediately to 
those which may be implemented over a number of years, included also is o mixture of 
software and hardware techniques. 

2.2.2. 1 CONaiCT ALERT (CA) 

A near-term activity involves the upgrading of the enroute and terminal 
automation software to alert the controller of impending conflicts. This automatic 
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backup alarm for conflicting traffic is a software program using existing computers to 
project the flightpaths of transponder-equipped aircraft for the next two minutes. It 
will alert controllers of a potential conflict so that they can take the necessary action 
via radio to warn the pilots. This activity Is now completed in 20 domestic air route 
traffic control centers for airspace above 12,500 feet. A similar capability is being 
developed for automated terminal systems with o planned installation at the 60-plus 
airports during 1977. 

2. 2. 2. 2 EXTENDED FLIGHT PLAN REQUIREMENTS 

New flight-plan requirements will be established for passenger-carrying 
aircraft. These aircraft will include air taxis, commuter airlines, and the executive 
corporate fleet. The new scheme requires these types of aircraft to file a flight plan 
and operate under IFR to ensure continuous monitoring by ATC. 

2. 2. 2. 3 EXPANDED ALTITUDE REPORTING TRANSPONDER REQUIREMENTS 

Automatic identity and altitude reporting transponder equipment will be 
required for all aircraft flying in certain controlled airspace. The oltitude/identity 
informotion Is displayed directly on controllers' radarscopes, giving them a more 
complete picture of the traffic under their control. The altitude-reporting transponder 
well be the key to the enhancement of both CA and the upcoming BCAS. 

2. 2. 2. 4 BEACON COLLISION AVOIDANCE SYSTEM (BCAS) 

The beacon collision avoidance system was recently selected by the FAA 
as the preferred airborne system to detect and resolve conflicts independent of the 
present ATC system, BCAS was chosen over the cooperative airborne collision 
avoidance system (ACAS) as the quickest and least expensive way to provide an 
independent backup capability for the ground-based ATC system. By its nature, 
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BCaS will make fhe ATC transponder with altitude reporting an essential equipment 
need for aircraft operating in certain airspace, particularly that used by the air 
carriers. 

The two forms of BCAS, active and semiactive, are still in competition for 
the final selection. The active BCAS concept was originally conceived several years 
ago for use over oceans, but was not pursued because of the potential Interference by 
the airborne interrogator/transponders with the ground surveillance system. An active 
BCAS emits a conventional mode C Interrogation once each second. Antennas are 
necessary both on the top and on the bottom of the fuselage to ovoid masking by the 
airplane; presumably, the Interrogation would be alternated between antennas. The 
active BCAS signal elicits a reply from all transponder-equipped aircraft within range. 
From each reply the airborne system measures the separation distance using the round- 
trip transit time, and also receives the identity and the barometric altitude of each 
responding aircraft. By differencing the measured slant ranges the active BCAS deter- 
mines the range rate. The system can determine from this Information whether a threat 
exists, and whether a climb, descend or level-off evasive maneuver is appropriate. 

The semiactive BCAS (Reference 85) uses an active mode only when there 
are inadequate ground interrogators In the vicinil> . The passive measurement Involves 
listening to the responses of other airborne transponders to the ground Interrogations. 
When two ground interrogator'' are within range, sufficient Information is available to 
determine range and bearing to a transponder. This system does revert to an active 
mode when there are Insufficient ground interrogators in the aircraft's vicinity. Since 
the semiactive system provides the pilot an indication of the direction as well as the 
ronge and oltltude of a threat aircraft, it provides the option of a horizontal, vertical 
or combined maneuver to avoid a collision. In contrast, the active BCAS is restricted 
to only vertical maneuvers. 


-17 - 


AEROSPACH B'VBTEIVIB, ItSIC. • ONB VINE enOOK park • BUnLINQTaN, MASBACHUSETTB □'IDQ3 • (017) 



Af the present time, the semloctive BCAS appears to offer more advantages 
than the active system. But since both techniques rely upon signals received from 
aircraft transponders, they are not mutually Incompatible. Conceivably, a combina- 
tion of the two techniques might emerge as the optimum design. The active BCAS has 
been demonstrated in flight by the FAA and is considered feasible. The semiactive 
system is about to undergo a similar flight evaluation program at NAFEC. A final 
BCAS system design should be available early in 1978. 

Preliminary FAA planning is to seek mandatory installation of Bt-AS on all 
aircraft capable of transporting ten passengers or more, which would exclude most of 
the GA fleet as well as much of the military fleet. Current estimates are that an 
active BCAS would sell for abc ‘ '>^0,000, in production quantities, with the semi- 
active version costing slight)/ more. 

2. 2. 2. 5 INTERMITTENT POSITIVE CONTROL (IPC) 

Intermittent positive control ts still the FAA's preferred, long-range solution 
to the separation assurance problem. IPC was first conceived as a cornerstone of the 
UG3RD by the ATCAC report, and has only recently been augmented by BCAS, This 
technique protects both VFR and IFR aircraft, provides more flexibility for conflict 
resolution through use of horizontal maneuvers, and assures maximum coordination with 
air traffic control in resolving conflicts. Advisories and collision avoidance commands 
will be ground -determined and transmitted via a data link to the aircraft. This data 
link can be provided by the discrete address beacon system. 

The present experimental version of IPC Involves a cockpit display of proxim- 
ity warning lights and ground derived commands (Figure 4) which indicate avoidance 
maneuvers or restraining advisories (negative commonds). An extremely complicated 
logic determines when the various commands are issued, depending on such things as: 
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Figure 4. IPC Display 

• whether the aircraft ate DABS or ATCRBS equipped 

• whether the aircraft are under IFR or VFR flight plans 

• the groundspeed of the aircraft 

• the predicted time to point of closest approach 

• the relative geometries of the conflict situation 

• whether the aircraft responds to initial commands. 

The experimental proximity warning indicator in Figure 4 provides the relative bear- 
ing to the nearest 30 degrees (clock code)^ and the relative altitude (high, level or 
low) which is quantized to about 500 feet. Because the warning lights come on at 
different times under different situations, the unit provides effectively no range 
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informaHon, Several pilots have expressed a desire to have the range information dis- 
played since it is available from the computer. 

If IPC is implemented, a DABS transponder and a display will be required to 
receive protection from all altitude-encoded, transponder-equipped aircraft. An 
input/output device would be required to use the data link for other messages. Com- 
pared to the present cost of a GA ATCRBS transponder of about $750, a future DABS 
transponder with IPC cockpit disploy is estimated to sell for about $2,000, excluding 
the cost of the altitude encoder. 

The IPC concept is currently under test using the Lincoln Laboratory DABSEF 
facility and a fleet of general aviation aircraft equipped with the DABS transponders. 
Evaluation flights with general aviation subject pilots have been conducted regularly 
for several months to evaluate their response to commands, and their reaction to the 
system. Preliminary conclusions show that the proximity warning is universally received 
with enthusiasm. However, the positive and negative commands are generally less 
favorably accepted, partially because the commands are frequently inconsistent with 
normal evasive practices when the intruding aircraft can be seen visually. 

As previously discussed, a prerequisite for the IPC service is the imple- 
mentation of the Discrete Address Beacon System. A prototype test of IPC is scheduled 
for late 1977 at NAFEC, using the first DABS ground sensor. The first operational IPC 
service is scheduled to begin in Philadelphia in 1979. 

If BCAS and DABS are both implemented, a question arises as to which 
would be the primary means of assuring separation. Some think that the DABS IPC 
should be the principal separation assurance system in areas where coverage is available, 
and that BCAS would protect in areas where there was no DABS coverage. This would 
probably require that the active BCAS be deactivated in areas where DABS coverage 
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was availabk to prevent possible conflicts in evasive maneuvers prescribed by the two 
systems. Also, with the implementation of DABS it will be necessary for active air- 
borne transmitters to interrogate other aircraft in both a DABS and an ATCRBS mode. 
Once communication between aircraft using the DABS equipment is established, many 
interesting possibilities exist, such as having one aircraft advise the other of an escape 
maneuver, Conceivably, the aircraft could effectively hove "turn signals" that would 
be flashed to equipped aircraft whenever the pilot intended to change direction or 
altitude. 


2.2.3 AREA NAVIGATION (RNAV) 

The existing structure of enroute airways and routes within terminal areas 
consists of flight segments defined by radials of the existing VORTAC network. This 
limitation to radial segments has imposed extra mileage between certain terminals and 
has limited the number and capacity of air routes. Area navigation systems give air- 
craft the capability to follow predetermined altitude and time schedules in proceeding 
from one navigational waypoint to the next, unconstrained by the location of the 
navigation station. These RNAV routes permit possible traffic segregation by speed 
classes and separation of traffic bound for metropolitan areas according to the airport 
of destination. Vectoring by the ground controller will be reduced, and aircraft 
operating costs will be lowered by more direct routes and optimum climb profiles. 

Table 5 presents a detailed outline of the potential benefits of RNAV (Reference 7). 

The problems associated with RNAV are primarily due to the integration of 
the new routings into the present air traffic control system. The existing NAS enroute 
system does not readily accept flight plans with direct routings, because it is difficult 
for the human controller to handle RNAV direct traffic when the majority of the traffic 
is following the established airways. However, the 1980's undoubtedly will see 
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Table 5. Area NavfgaHon Faahures and PotenHal Benefil-s. 


RNAV (2D) 

A. Designat-ed Roufes 

1. Efficient Restructuring of Terminal Airspace for Departures 

2. Efficient Restructuring of Terminal Airspace for Arrivals 

3. Shorter Standard Instrument Arrival and Departure Routes 

4. Pilot-Navigated Noise Abatement Arrival and Departure Routes 

5. Segregation of Traffic by Speed/Climb/Descent Capabilities 

6. Replace Some Metering and Spacing Vectoring 

7. Shorter Low Altitude Routes 

8. High Altitude Great Circle Routes 

9. Optlmizeo High Altitude Weather Routes 

10. More Favorable High Altitude Flight Level Assignments 

1 1 . More Optimum Routes through Restricted Areas When Not in Use 

12. Fewer VOR/DME's to Support Expanded Route Structure 

13. Fewer VOR's to Provide Instrument Approaches 

14. Fewer Dual VOR/DME's Required 

15. Increased Continuity of Service 

16. Many Non -RNAV Users Will Not Require 50 kHz Frequency Spacing 

17. Change Route Structure Without Moving VOR/DME's 

18. VFR Guidance Airport to Airport 

B. parallel Routes 

1 . Convenience of Parallel Offset 

2. Simplified Passing Procedures 

3. Simple Spacing Procedure 

C. Impromptu Routes 

1 . Severe Weather Avoidance with Pilot Navigation 

2. Direct to Next or Other Waypoint Navigation 

3. Metering and Spacing Applications 

D. Pre-Planned Routes 

E. Instr ument Operations to Non-ILS or VOR Instrumented Runways 

1 . Separate Approach Paths for STOL and General Aviation 

2 . "Straight-1 n " Approaches 

3. RNAV/VNAV Instrument Operations When ILS Inoperative 
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Table 5, Area Navigation Features and Potential Benefits (Continued). 


F. 

pilot Navigation Instead of Vectoring 


1 . Pilot Awareness 

2. Back-up Following Radar or ARTS Failures 

G. 

Improved Navigation Performance 


1. Linear, Smoothed Course Indications 

2. Reduced Airborne VOR Error 

3. Improved Lateral Navigation Accuracy 

II. VNAV(3D) 

A. 

Designated Routes 


1. Inclined Tunneling 

2. More Economic Descent Profiles 

3. Inclined Plane Floor/Ceiling Boundaries 

4. Parallel, Precise Climb/Descent Paths 

B. 

Vertical Guidance for Instrument Approaches 


1 . Lower Minimums Than with RNAV 

2 . Two-Segment Approaches 

Ill, TNAV{4D) 

A. 

En Route and Transition Application 

B. 

Terminal Area Application 
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addiHonal use of RNAV, firsf of the higher altitudes, then In the more densely- 
populated terminals, and finally over most of the airspace. Equipment for area navi- 
gation already exists, and Is In operation In many general aviation aircraft. In the 
future, certain airspace such as the present terminal control areas may only be avail- 
able to RNAV -equipped aircraft. 

Navigation equipments most likely to be used in an RNAV structure include: 
VOR/t)ME, Omega/VLF, Loran-C, and Inertial navigation systems. NAVSTAR, the 
military satellite Global Positioning System, is also a candidate, although it is not 
scheduled to become operationally available until after 1984, and initially may find 
only limited civil use, VOR/bME area navigation has several disadvantages despite 
the fact that it Is presently the primary navigation system. One ma|or disadvantage is 
that the bearing accuracy of the VOR is relatively poor, of the order of 3-4 degrees, 
which leads to lorge position errors at significant distances from the VOR facility. 

DME is more accurate, having a random bias error of 500 feet (lo"). Consequently, for 
more accurate RNAV, multiple DME holds much more promise than VOR/t)ME, and it is 
reasonable to expect a multiple DME RNAV to provide position accuracies of 0.1 nm 
(lo-). 

Another problem ossocinted with VOR/DME area navigation is coverage. 
Because VHP and UHF signals propagate along a straight line, a large number of sta- 
tions Is needed to provide uninterrupted coverage, especially at low altitudes. 

Because individual ground stations cost several hundred thousand dollars each, VOR/ 
DME coverage over the entire United States at all altitudes Is a very expensive way of 
providing area navigation capability. 

mega, on the other hand, is a much lower cost RNAV system, in that only 
eight stations are required to provide complete world-wide coverage. The eight stations 
are already funded and most are operational . The accuracy of Omega is normally 
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considered to be one mile In ihe dayllme and two miles at night. Improved accuracy 
of the order of 2,000 feet could be obtained using differential Omega, but this would 
require differential ground stations located every few hundred miles. However, the 
cost of these stations would still be extremely inexpensive relative to the cost of pro- 
viding a complete VOR/DME RNAV network. 

Loran-C has an intermediate cost between Omega and VOR/DME. Loran-C 
stations cost about five million dollars each, but the usable range extends out to 
approximately 1 ,000 miles, which is about an order of magnitude greater than for 
VOR/DME, Like Omega, Loran-C is a low frequency system and provides coverage 
ail the way to the ground. Over the total area of coverage it would be reasonable to 
expect accuracies of a tenth of a nautical mile. However, under the best geometry 
Loran-C has the potential of significantly enhanced accuracy, with a repeatability of 
the order of 100 feet. At the present time, the FAA is studying the possibility of using 
Loran-C as the standard navigational aid to replace the present VOR/DME system. In 
addition to its potential cost savings, the Department of Transportation has specified 
Loran-C in the National Plan for Navigation in the coastal confluence area. Loran-C 
chains are presently operating on the East Coast and in the Great Lakes, and a West 
Coast chain will seen be commissioned. Relatively few additional stations would be 
needed to provide complete Loran-C coverage over the conterminous United States. 

Inertial navigation systems (INS) will probably be limited to the more 
sophisticated users because of their high cost, on the order of $100,000. However, low 
cost versions for GA ore forecast to eventually cost around $30,000 or less. The 
accuracy of an inertial navigation system is typically one nautical mile per hour. A 
significant advantage of Inertial navigation systems is their complete independence 
from ground stations. Recently, general aviation aircraft have been certificated for 
use of inertial navigation under IFR. 
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It is difficult to speculate on which of the navigation systems will become 
the primary system for general aviation use inasmuch as the outcome depends largely 
on political decisions to be made by the FAA, by the Congress^ and by ICAO, /.II of 
the navigation systems discussed above are presently in operation and none can be 
completely eliminated in the time span under consideration, since a large number of 
aircraft are and will be equipped with the respective avionics and dependent upon the 
ground stations. Modifications to the ATC system can only be undertaken if they will 
be compatible with existing equipment. As a consequence, additional new systems 
will be slow in Implementation, and those which are in existence will remain in opera- 
tion long after their shortcomings are recognized. The most probable situation for the 
1980s is that all of the systems will hove found some use and that the ATC system will 
accept any of the vcious RNAV equipments that can achieve sufficient accuracy, 
which is presently specified in the FAA Advisory Circular 90-45. 

One Important Factor in the design of RNAV equipment is the pilot workload 
created by its use In the terminal area. Since manually changing from waypoint to 
waypoint can produce significant workloads, stored waypoints that have been preset 
prior to flight will prooably be necessary, at least for high density terminals, in 
addition, the system has to be designed to minimize the possibility of operator errors 
in setting the waypoints. For example, it is relatively easy to inadvertently transpose 
digits in specifying a latitude and longitude or o bearing and distance; hence, some 
kind of cross-check is desirable. 

The implementation of RNAV has proceeded at a very low level during the 
past few years. However, the Implementation rate is expected to accelerate during 
the remainder of this decade and into the early 1980's. Considerable effort has been 
spent in configuration studies and avionics standards, and a decision on major imple- 
mentation is expected within a year. It is possible that the high oltitude enroute 
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airway structures and certain dense terminal areas will require RNAV capability by 
1980-82. By 1985, RNAV will likely be used exclusively at all medium and high 
density terminals (at least during peak traffic periods), as well as in the high altitude 
enroute structure. 

2.2.4 MICROWAVE LANDING SYSTEM (MLS) 

The universal microwave landing system nov/ under consideration by ICAO is 
intended to provide more flexible yet more precise approach and departure paths than 
the existing VHF/UHF instrument landing system. The basic system is being developed 
to satisfy both civil and military requirements, with variations in several versions 
adapted to the particular needs of each. The civil version will be designed for both 
commercial air carrier and general aviation requirements. The high cost of site prepara- 
tion frequently required for the ILS will be significantly lessened, and installations will 
be possible at sites where the conventional ILS is not now practical . Improved flexibil- 
ity will be provided in the form of multiple glide slope selection and curved approach 
capability, which could have a marked impact on reducing noise in areas immediately 
suiTounding the airport. 

The development program for MLS has been underway for a number of years. 
Many MLS systems are already In operation, and the problem Is to select one universal 
system for the international community. The United States has chosen the time reference 
scanning beam MLS technique as its proposal to ICAO, after a close competition with 
the Doppler scanning technique which the United Kingdom is promoting. The Federal 
Republic of Germany is proposing a system involving interferometer measurements with 
L-Band DME. Therefore, ft Is not clear which MLS concept will eventually be selected 
by the international community. 
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In l-he interim, several MLS systems are already in operation; the Canadians 
are operating a C-Scan system; MADGE (microwave aircraft digital guidance equipment) 
has been recommended for adoption by NATO, and is being supplied to the UK Ministry 
of Defense; and each of the U.S. military services has a different MLS system In current 
operation. The FAA has designated Tull Aviation's system as the official interim standard 
MLS, and a few Installations have been commissioned. Individual organizations, such as 
Rocky Mountain Airways, are operating with the TALAR system and others. Consequently, 
there is still some doubt as to the form that MLS will take, since there Is no International 
agreement yet, and by practice there Is a proliferation of Interim MLS systems. 

It is conceivable that MLS will not be implemented in Its complete form, 
since It is only needed at airports with siting problems or where steep and curved 
approaches are required, Implementation of just the glide slope portion of MLS could 
meet these requirements. It would be relatively easy to add or substitute |ust the MLS 
glide slope to existing ILS facilities, since the conventional UHF glide slope is entirely 
independent of the VHF localizer. The conventional ILS glide slope is often difficult 
to form since it normally requires reflection of the radicted energy off the ground plane, 
and it is limited to approximately 3 degrees which does not permit steep approaches. 
However, pilots have shown reluctance to make steep approaches that do not level off 
to the conventional 3 degree approach prior to the final flare. Also, they have 
expressed reluctance to fly curved approaches beyond the same point whc.e the glide 
slope shallows to 3 degrees. The steep and curved portions of these approaches can 
probably be flown with area navigation equipment with interception of a conventional 
3 degree glide slope at the point 400 to 600 feet above the runway. 

Furthermore, a number of technical improvements could be made to the 
existing ILS to make it a strong competitor for remaining as the primary landing system. 
The majority of VOR navigation receivers process the ILS localizer signals as a standard 
feature. Conventional ILS has been accepted by ICAO and is used at airports around 
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the world. Airport operators will tend to install a conventional ILS before o new MLS 
because very few users ore equipped to use the MLS, and the form of the universal 
MLS is still in doubt. Since a new MLS would generally be located where an ILS Is 
also installed, there is little advantage to providing two localizers if the VHF one is 
satisfactory. Similarly, there Is little reason to Initiate a new C-band DME, which 
Is planned as a part of the scanning beam MLS, when we already have L-band DME, 

MLS probably will be most importait for Category ill landings where higher 
accuracy for flare Is required. Again, the MLS glide slope will probably be aligned 
with the conventional ILS and be used primarily by those aircraft which need Category 
III capability. It should be pointed out that the conventional UHF glide slope is 
inadequate for flare guidance because it does not intersect the runway. Instead It 
has a hyperbolic share near the ground, typically rounding off some 10 to 20 feet In 
the air depending on the distance of the antenna mast from the center of the runway. 
The main reason for not placing the UHF glide slope antenna closer to the runway 
center line Is that it becomes an obstacle for landing aircraft. However, flexible 
antennas have been developed to reduce the hazard to landing traffic. 

Despite considerab!.-, controversy, the U.S. MLS development program has 
proceeded nearly as scheduled (Figure 5). The U.S. choice of a scanning beam 
system has been flight demonstrated in the NASA TCV aircraft and submitted for ICAO 
consideration. The ICAO is scheduled to specby one of the competing systems as the 
universal MLS by the fall of 1977. Commencement of international operations with 
the universal MLS is expected by the beginning of the 1980's, 

2.2.5 UPGRADED ATC AUTOMATION 

The specific objectives of the UG3RD automation development program 
apply to all major portions of the ATC system, i.e., enroute, terminal, and central 
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Figure 5, National Plan for Developing the Microwave Landing System, 

flow control . These objectives are; improve management of air traffic flow through 
the ATC system to reduce costs of airborne delays; increase productivity of ATC con- 
trollers to stabilize or reduce the numbers of required personnel; maintain or improve 
the current level of safety for controlled aircraft; increase airport capacity; provide 
the automation hardware, software, and control procedures needed to operate with 
other features of the UG3RD; and improve automation system reliability. 

Many improvements will be provided by additions or modifications to the 
existing NAS and ARTS computer programs. A few of the basic additions which will 
assist In the transition to automatic air traffic management are: flight profile genera- 
tion; sector clearance planning; flight progress monitoring; automatic clearance 
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delivery fiming; improved aircraft- tracking (radar and beacon); metering and spacing; 
ano conflict prediction and solution. Some longer term automation functions will rely 
heavily on the availability of an automatic dota link for the exchange of ATC mes- 
sages with oirborne aircraft. The system is planned to move from a labor-intensive to 
a machine-intensive base, with the air traffic controller ultimately becoming a system 
manager. 

Implementation of several elements of the increased automation is already 
well underway, while other aspects are inseparably linked to other features of the 
UG3RD. The conflict alert system, discussed in Subsection 2.2.2. 1, has been opera- 
tional above 12,500 feet for several months, but has a problem with numerous 
false alarms. A minimum safe altitude warning feature is being implemented at the 
ARTS facilities. Despite significant research, all metering and spacing systems tested 
to da*-e have been unacceptable. In general, increased ATC automation will not 
involve additional avionics beyond those required by the other UG3RD features (DABS, 
RNAV, IPC, etc.). 

2.2.6 Al RPORT SURFACE TRAFFIC CONTROL (ASTC) 

Growing traffic loads. Increased all-weather operations, and new airport 
Construction which blocks the visibility of airport facilities from many control towers 
result in new requirements for handling traffic on the airport surfaces. Three needs 
have been identified: 

• Improved surveillance of the airport surface 

• Guidance Information for aircraft, and 

• Improved control of the oirport situation. 
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To Impro/e surveillance, the current airport surface detection equipment (ASDE) is 
beii'iv: modified, and new ground surveillance radars are being developed with the goal 
of achieving automatic tracking of aircraft and surface vehicles from enhanced radar 
presentations. The use of discrete sensors such as magnetic loops placed in runway and 
taxi way surfaces has been analyzed, and completely automated and Integrated control 
systems using hundreds of intersections have been considered, 

A major research effort Is being devoted to a beacon trilaferation system, 
using ATCRBS at first and eventually DABS, for surveillance of the airport surface 
(Reference 94). This TAGS (Tower Automated Ground Surveillance) technique will 
involve additions and modifications to the ground-based beacon system, but fortunately 
will not require additional avionics aboard the aircraft. Experimental equipment using 
two phased array antennas has been built by Bendix and recently demonstrated the 
feasibility of the concept at NAFEC (Reference 82), An implementation decision on 
this system Is not expected for at least two years. 

2.2.7 WAKE VORTEX AVOIDANCE SYSTEM (WVAS) 

Trailing wake vortices, especially trom large aircraft on approach and land- 
ing, present hazards to aircraft following too closely behind. This is particularly true 
for general aviation aircraft. Increased longitudinal separations (up to four and five 
miles behind "heavy" aircraft) provide safety, but significantly reduce airport capacity 
and introduce delays. 

Beyond efforts to minimize the size and effects of these vortices by aerody- 
namic means, the FAA Is working on ground-based systems to detect and avoid these 
vortices. It has now been demonstrated that pulsed and Doppler radar-like devices 
operating at acoustical frequencies can detect and track these wake vortices, and 
development and test of these devices continues on an expedited basis. Given improved 
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knowledge of the movement and effect of vortices on aircraft, such a sensor might be 
the central factor in a system which would detect the presence of vortices, predict 
their behavior and intensity, and present this information in a suitable fashion to 
ground controllers who can appropriately adjust aircraft spacings. On a longer term 
basis, it is planned to couple this system directly into automatic metering and spacing 
programs. It is possible that the DABS data link could be used to issue wake vortex 
warning advisories on final approach. 

Wake vortex data collection efforts have been conducted at Heathrow, 
Stapleton, and Kennedy airports, and an experimental Meteorological Vortex Advisory 
System has been installed at O'Hore for testing. However, no advanced implementation 
plans for WVAS have been released. 

Because severe wind shear was a contributing factor in some recent accidents, 
a program to develop a detection method is receiving priority attention from the FAA. 
Wind shear pressure sensors to predict the approach of thunderstorms are being evalu- 
ated at C'Hare, and wind shear equipment is to be installed at Dulles this summer. 
Research efforts at Stanford Research Institute and elsewhere are aimed at developing 
airborne equipment to detect severe wind shears. 

2.2.8 FLIGHT SERVICE STATIONS (FSS) 

The FAA currently operates a network of some 400 Flight Service Stations 
(FSS) at which general aviation pilots (the primary users) may obtain face-to-face or 
telephone weather briefings from FSS personnel and file their flight plans. This net- 
work of stations is technologically and functionally the same as it was In the 1940's; 
most facilities and equipment are deteriorating and obsolete, and the system is labor- 
intensive and unable to meet the present demands for flight services. 
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A new automat'ed Flighi' Service Sfation concept, developed b/ a joint 
study team of FAA end the Department of Transportation, proposed three basic elements 
(Figure 6); 

• A central processing facility 

• 30 to 50 full-time, manned hub stations 

• A nationwide total of some 3,500 unmanned, pilot-self- 
service terminals at approximately 2,500 locations. 

When this network Is completed, virtually all pilot requests for preflight service (i.e., 
weather briefings and flight-plan-fillng)' should be fulfilled through unattended, auto- 
mated terminals (Reference 34). A touchtone telephone system data link or the DABS 
data link might be used to access automated services. However, there will probably 
still be voice response to airborne requests far into the foreseeable future 

A demonstration AWANS (Aviation Weather and Notam System) is in opera- 
tion at Atlanta and will be installed at Leesburg, Virginia, This system uses a computer, 
keyboard and display scopes to improve the efficiency of the FSS weather briefer. The 
next stage is the development of the Baseline system which will permit the user to 
bypass the briefer for weather information or to file a flight plan. Specifications are 
expected to be Issued before the end of 1976; the first system will be installed at 
NAFEC In mid-1979; and the first operational system is scheduled for implementation 
by mId-1980. 

2.2.9 AERONAUTICAL SATELLITE (AEROSAT) 

Oceanic air traffic control and air carrier communications are presently 
conducted over high-frequency radio circuits which are of relatively low reliability 
and approaching saturation in the North Atlantic and eastern Pacific. Surveillance of 
the oceanic airspace Is non-existent; separation and control are based on pilots' reports 
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Figure 6. Schematic Conception of Future FSS Network. 



of their aircraft positions as determined from on-^Doard navigation equipment. Improved 
communications and surveillance will be required to handle the reduced aircraft 
separations necessary with traffic loads forecast for the 1980's; the alternative will be 
lengthy ground delays or the use by some aircraft of less advantageous flight tracks. 
Since these over-ocean flights tend to originate at the major hub airports, such ground 
delays would also contribute to surface congestion to some degree. 

The Aerosat program is exploring Hie utility of satellites for expanding the 
availability of or improving oceanic communications, and providing complete surveil- 
lance to reduce oceanic separation standards. The program is jointly sponsored in a 
formal agreement with Canada, the European Space Agency (ESA), and the United 
States. The objective is to establish the design of a future operational system and 
international agreement on standard operating procedures to be followed in its use. 

The present configuration is illustrated in Figure 7. 

The Aerosat Council (U.S., Canada, ESA) has agreed to launch two satel- 
lites for test and evaluation of satellite communications for oceanic ATC. The first 
launch is expected in late 1979 , with a second to follow a few months later. Equip- 
ment decisions for any operational system are still uncertain and a long time away, 
Aerosat will probably not have a major impact on general aviation because it applies 
primarily to over-ocean flights, 

2.3 ADDITIONAL POTENTIAL FEATURES BEYOND THE UG3RD 
2.3.1 GROUND PROXIMITY WARNING SYSTEM (GPWS) 

Federal air regulations require o GPWS on ail turbine powered air carrier 
aircraft after September 1976, The system is required to operate in four different modes; 
1) excessive rates of descent; 2) excessive closure rate close to the terrain; 3) negative 
climb rate after takeoff or missed approach; and 4) flight into terrain when the aircraft 
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is nof in the landing configuration. A fifth mode, expected to be required in the 
future, warns if the aircraft is below safe limits during an ILS approach. In this mode 
an advisory alert is sounded when the aircraft is slightly below the center of the glide- 
path beam, and a pull up warning is announced if the aircraft descends significantly 
below the glldepath, especially if the aircraft should near terrain clearance of approxi- 
mately 150 feet. The GPWS provides the pilot with both aural and visual warnings In 
all modes. 

The FAA requirement for GPWS will probably be expanded to include larger 
general aviation aircraft and eventually might become a general requirement for all 
aircraft operated under IFR. Other governments are making the ground proximity warn- 
ing system mandatory in foreign transport aircraft. Although there are few objections 
to the concept of a ground proximity warning system, the early implementation of these 
systems has resulted In a number of false alarms which, unfortunately, have reduced 
pilot confidence in the equipment. Clearly, some warning of ground proximity is 
desirable for all instrument-qualified airciaft. The main constraint against implementa- 
tion of such equipment in all IFR general aviation aircraft is the cost. A radar altimeter 
would be desirable in aircraft which conduct low approaches in instrument weather. 
Ground proximity warning would also be valuable for any night operations conducted 
at low altitude. 

Related to the GPWS is the FAA's terrain warning program in which the 
current NAS and ARTS computers are being modified to alert controllers whenever an 
IFR aircraft descends below a minimum safe altitude. However, the warning is only 
available to those aircraft operating in radar contact under IFR control, Moreover, 
radar surveillance provides altitude of equipped aircraft only to the nearest 100-foot 
inclement, and the reporting function could be in error even more than this value. 
Although this technique will provide some assuronce to the general aviation pilot 
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making an instrumeni approach of a major fermina!/ It cannot help VFR pilots at night 
nor pilots making instrument approaches to remote airports beyond surveillance or com- 
munication limits, 

2.3.2 AIRBORNE TRAFFIC SITUATION DISPLAY 

A somewhat controversial issue not currently part of the UG3RD program in- 
volves the airborne traffic situation display (ATSD), which enables the air crew to 
participate actively in traffic management. Proponents of the concept maintain that 
VFR capacity levels are achievable under IFR conditions by introducing the ATSD. 
Opponents argue that an aircraft cannot safely and efficiently determine what it should 
do without reference to the intentions and locotions of many other aircraft, and to 
distribute such information is technically difficult and expensive. 

For several years MIT has experimented with a cockpit simulation of the 
ATSD, and the results of that research have been universally favorable. The display 
itself Is a cathode-ray tube which shows the navigation routes, the surrounding traffic, 
obstructions, terrain, weather features, and ATC directives. It permits the pilot to 
maintain his own separation on other aircraft and allows him to verify the reasonableness 
of ATC directives. In the present system, the traffic information available to the pilot 
is obtained visually, or relayed via the air traffic controller on the ground. The MIT 
research shows that the traffic situation display is an extremely effective way of trans- 
ferring complete traffic and other information to the pilot. In high density terminal 
areas, the information could be used to provide spacing; some metering would probably 
be pilot assisted. The ATSD would certainly be used for separation assurance or collision 
avoidance, and might also be used to display air traffic control clearances, weather 
conditions, NOTAMs, runway conditions, etc. 
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The Impacf of ATSD on genera! avIoHon is ihal- many users will wanf the 
equipment if it can be provided at a reasonable cost, Early estimates of rhe cost of a 
general aviation airborne traffic situation display are on the order of $‘(,000 to $2,000, 

A major consideration for general aviation is whether or not to present heading 
information. The MIT simulation results have shown the pilots prefer t'» have the dis- 
play indicate heading up, but this requires that aircraft headings be made available 
to the display. Unfortunately, general aviation aircraft at the lower end of the 
spectrum usually do not have heading information available in o useful fon.' A gyro 
heading reference with an electrical readout, slaved to the magnetic sensor would 
cost around $1,000, 

Another somewhat radical possibility afforded by ATSD is for uncontrolled 
IFil operations. By giving an aircraft the ability to see other traffic independent of 
the ground controller {such as with BCAS and ATSD), it would be reasonable to permit 
an equipped aircraft to fly in instrument conditions without being under the control of 
the ATC system. This would give general aviation considerable freedom to fly in poor 
weather essentially in the same mode that they currently operate under VFR flight 
rules. Although this concept is probably not feasible within h' -h density areas, it 
would be a major improvement for general aviation in vic.ntties where flights now are 
often increased by 50 percent because of segregated airspace like the New York City 
area. For example, on an IFR flight from Boston to Atlantic City, the approved route 
is either via Scranton, Pennsylvania, to avoid the New York Metroplex, or alternatively 
over water, which is an uncomfortable operation for single engine aircraft. Although 
it would not be feasible for an aircraft with its own traffic viewing capability to pro- 
ceed directly through the New York Metroplex, It would be /ery reasonable to 
proceed a few miles to the west of New York, for example, This is particularly true 
if a low altitude were maintained, which at the present time would be below the 
coverage area of the ATC surveillance system, 
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2.3.3 NAVSTAR GLOBAL POSITIONING SYSTEM (GPS) 


GPS is ihe Department of Defense's anticipated replacement for Nav/’s 
TRANSIT navigation satellite system (References 40, 91, 106). Phase 1 of the 
NAVSTAR program will provide for the launch of six satellites into 12 hour, circular, 
high inclination orbits by August 1977. The satellites will be so spaced that they will 
provide up to 5-1/2 hours of test time periodically each day for receivers located in 
the Continental United States and the coastal ocean areas. Control stations located in 
the U.S. will update the atomic clocks and provide ephemeris data to the satellites. 

During this first phase of the program, several types of user equipments will 
be developed to meet the spectrum of future needs by the military services. A decision 
to proceed with the full scale development of the system worldwide will be based on 
the demonstrated achievement of two goals: high positioning accuracy and moderate 
cost of the system. The user must be able to position himself quickly to an accuracy of 
approximately 10 meters (2o-) in three dimensions, and the user's equipment should be 
comparably priced or less expensive than the other less accurate military navigation 
systems available today. Present unit cost projections for user sets range from under 
$10,000 to $40,000 for the most elaborate NAVSTAR equipment. The decision date to 
determine if the system will proceed beyond phase 1 of the program has been scheduled 
for the spring of 1978. 

The first satellite, NTS-1 containing the prototype rubidium clocks and a 
transmitter with the NAVSTAR frequency and type of signal code, was launched in 
1974 and had limited experimental success before developing a stabilization problem. 

A second satellite, NTS-2, is under development and is scheduled for launch in late 
1976, It will contain two cesium clocks and will be the first satellite launched as 
part of the six satellite demonstration constellation. In early 1977, the first of five 
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commercially bullf satellites will be launched. The fifth commercial satellite should 
be in orbit by August 1977 and will bring the constellation to the required total of six. 

If the decision is mode to deploy NAVSTAR os a worldwide system, then a 
second generation of satellites will be developed. The clocks on the second generation 
satellites will be based on the demonstrated performance of the NTS-2 cesium clock 
standards developed by the Navy and tested In Phase 1 , which should reduce the fre- 
quency of updating required by ground stations to once per day per satellite for a 
worldwide system. The second generation will have an ability to secure telemetry and 
data channels and may be powered by radioisotope t*'erniol electric power sources. 
Another difference will be in the satellite life expectancy. While the Phase 1 satel- 
lites are being built with a design life expectancy of four years, the Phase 2 satellites 
should have nearly double that longevity. 

Once the decision is made to proceed with the system development in Phase 
2, the satellites will be built and launched to expedite a two dimensional, worldwide 
capability (assuming program approval in early 1978) in 1981 , As more satellites are 
added, the two dimenslono! system will have increasing periods where three dimensional 
capability is available. These periods will gradually be extended until a continuous, 
3-D availability is achieved by 1984. 

The user sets consist of an antenna, receiver, data processor and control/ 
display. There are three basic receiver configurations for the NAVSTAR development 
and concept validation phase. The first configuration (model X) receives signals from 
four satellites simultaneously, which requires four channels in the receiver and the 
largest data processing capability. It would be used in a highly dynamic platform or 
where minimum fix time is essential. The second configuration (model Y) would have 
one or two channels, time sharing them among the four satellite signals required, The 
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Y class should be less complex and expensive wlih a corresponding reducHon In 
dynamic capabillHes, but not in precise position determination. The third configura- 
tion (model 2) will be further reduced in complexity, cost, capability and accuracy 
from the Y class. Though the simplest, it may be the first in production if the program 
Is approved. If it meets specs, its accuracy will be better than provided today by an 
existing externally referenced system. From these three development configurations, 
the production classes of user sets will be derived. Currently, seven classes of equip- 
ment are seen as variants of the three development models. 

2,3.4 DIGI |*AL DATA BROADCAST SYSTEM (DDBS) 

The Digital Data Broadcast System (Reference 25) is a concept to provide 
the airborne RNAV system with the information required to satisfactorily navigate both 
preplanned direct RNAV routes and whatever charted routes will be retained as an 
Integral part of the ultimate area navigation environment. This data would be broad- 
cast In repeating date streams for specified station or route coverage. The acquisition 
process would be initiated by simply tun'ng the desired VORTAC station frequency. 

The prodesignated waypoints would then be selected out or the data stream, verified and 
stored in an airborne digital decoder or interface unit. In the case of the terminal 
cea, the waypoints will be automatically sequenced for the pre“selected SID or 
STAR. Enroute, the waypoint spacing would require frequency switching to another 
enroute facility prior to acquisition of the next route waypoint. Of course, even with 
the availability of broadcast data, the RNAV functions of preflight route selection 
and planning, waypoint ioca*^Ion and definition, and ground station selection would 
still be required. The main advantage of having the data broadcast would be the 
decrease In pilot workload required to identify a waypoint and successfully input this 
data into a computer during the times of intense cockpit activity. The system as 
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planned would establish a standard system of RNAV waypoints, based on bearing and 
distance from each VORTAC. Unfortunately, this concept would marry the RNAV 
route structure to the existing VORTAC ground system, rather than providing for a 
flixible woypoint definition based on general latitude and longitude coordinates. 


2.3,5 OMEGAALF NAVIGATION 

Omega is a very low frequency (VLF) hyperbolic navigation system designed 
for worldwide navigation coverage with eight ground stations, transmitting on frequencies 
of 10.2, 11.33, and 13.6 kHz alternately. At the present time the continental United 
States has complete Omega coverage. Signals are being transmitted on all eight trans- 
mission segments (Figure 8). Seven of these are from the permanent full power (10 kw) 
stations. The G segment is being used by Trinidad at 1 kw awaiting commissioning of 
the Australian station. Omega is extremely significant to general aviation because it 
has the potential for providing remote area and worldwide area navigation coverate at 
extremely low cost. 
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Figure 8. Omega Navigation Signal Format, 
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The fraturnUfed signals are sinusoidal whn fight phase tolerances maintained 
by quadruple cesium standards. The only modulation is the turn on and turn off of the 
transmitter. The signals travel in the waveguide formed by the earth's surface and the 
ionosphere. As the height of the ionosphere varies diurnally, the effective speed of 
propagation varies, and so does the phase of the signal at the receiver. Propagation 
variations are a function of specific path, time of day, and time of year. Sky-wave 
correction models which can reduce the positioning error to less than one nm can be 
applied automatically using a small computer at the receiver. 

Distances are derived from differential phase measurements, which have an 
ambiguity of one cycle. Thus, when obtaining a position fix with the 10,2 kHz sig- 
nals, the position estimate will be accurate to one or two miles, but with an ambiguity 
of approximately 8, 16, 24, . , . nautical miles. For most applications, many measure- 
ments will be taken before the vehicle has traveled eight miles, and the receiver will 
not lose track of the number of eight mile lanes it has crossed. Receivers utilizing all 
three frequencies observe ambiguities spared approximately 72 miles apart. 

Differential Omega is a proposed technique for further reducing the magni- 
tude of Omega propagation errors. Ground stations at known geographic locations 
would measure the Omega propagation error and broadcast a current correction to 
local aircraft, in the same manner as local barometric pressure is provided for altimeter 
corrections. The error due to propagation variation would be reduced to the difference 
in the error at the aircraft and at the reporting station, which is on the crder of a half 
mile at a distance of 20C miles. This correction could improve the absolute Omega 
accuracy from about 10,000 feet to approximately 1,000 feet. 

In addition to the Omega navlgotion transmitters, several U.S. Navy com- 
munications stations broadcast VLF s jnals with phase stability suitnble for iiavtgation. 
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These signals are len lo 100 times cs powerful as the Omega transmissions and have a 
100 percent duty cycle. Global and Ontrack VLF receivers are now operational using 
both Omega and communication station signals simultaneously. Equipment cost is 
about $25K . 

2.3.6 LORAN-C 

Loran-C is a hyperbolic navigation system which operates in the 90-110 kHz 
frequency band. It can achieve position accuracy better than 100 feet by using phase 
• information In addition to timing pulses, and is therefore very attractive for area 
navigation. Each pulse is designed to build up and decay slowly to keep 99 percent 
of the radiated energy within the assigned frequency band. Skywave contamination 
becomes significant about 30 psec after the beginning of the pulse so only the first 
three cycles are generally used for navigation. The receiver must have a very high 
effective selectivity because the first three cycles may be contaminated by atmospheric 
noise and other interference. Selectivity is obtained by tracking the received signal 
with a servo loop that has a long characteristic response time. For use in aircraft the 
receiver must have velocity information to keep the servo loop locked onto the signal. 

Modern Loran-C receivers using integrated circuits feature automatic 
search, weigh about 25 pounds, and use about 200 watts of power. Readout from the 
receiver Itsejf is in time differences, requiring the navigator to transfer these to the 
corresponding hyperbolic lines on a chart. Digital computers are available which {at 
the price of doubling the size, weight, and cost) provide readout in latitude and 
longitude, together with left-right steering information and distunce along track. Exist- 
ing airborne Loran-C receivers are mostly military designs and are to expensive for 
general aviation. Although several low cost Loran-C receiver: hovo developed for 
marine use, they do not allow for the introduction of way*' -i ' ; . :■ ifermation 

of hyperbolic position information Into cruise and deviation .. .. yo. 
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Atmospheric noise at the receiver is the major source of error in the Loron-C 
system. The accuracy depends on the signal -to-noise ratio which varies widely with 
range, and on the response time of the servo tracking loop. For averaging times of 
100 seconds at medium range, an error of 300 feet (Icr) is typical . Tl'o instantaneous 
accuracy could change by a factor of three in either direction depending upon actual 
range, Loran-C is not limited by line of sight, and the high accuracy makes it 
particularly attractive for the 1980 period. 

About 20 Loran-C stations are required to provide full U,S. coverage. 
Relative to VOR DME, the system cost per square mile of coverage is an order of 
magnitude less and the average accuracy is an order of magnitude better. On the 
other hand, the system cost of Omega is about one tenth that of Loran-C, but the 
accuracy Is ten times lower. However, a modified form of Differential Omega could 
be obtained by development of a hybrid Loran-C/Omega receiver. The cost of the 
hybrid receiver would probably not exceed the cost of a single receiver by more than 
25 percent since both systems use common components except for the receiver front 
end. The advantages would be improved accuracy and improved reliability over that 
available by either component system alone, Loran-C would provide the differential 
update for Omega, while Omego would guarantee coverage over oceans or wherever 
there were coverag'j gaps or outages of the Loran-C. 

2.3.7 INTEGRATED COCKPIT 

The integrated c< kpit is a concept to reduce the proliferation of individual 
instruments, radios, and other subsystems that have grown in the general aviation 
cockpit. Each of the individual instruments has a common need for data processing 
and display, which can be provided with current technology in an integrated manner 
such that the user receives more benefits for an equivalent cost. Once the cockpit 
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contains a CRT “type display and some computing capability, separate systems can be 
economically combined. The integrated cockpit should be modular because the typical 
general aviation user starts at the lower end of the avionics spectrum and progresses 
up as he can afford it. At the lower end of the spectrum, the integrated cockpit 
would have the capability of providing the information associated with the basic flight 
Instruments, engine instruments, and navigational equipment, At the high end of the 
spectrum it might also include the information associated with RNAV, precision 
approach, weather radar, ground proximity warning, traffic situation, collision avoid- 
ance data link, and engine analyses. The particular information displayed would be 
selected at the pilot's option. Dual CRT's would provide operational reliability 
through redundancy. 

Current GA avionic systems consist primarily of independent electro- 
mechanical boxes for various functions. Each function Is handled by the combination 
of a sensor, pilot control, data processing and a display and/or actuator. Integration 
of these functions using advanced avionics can be accomplished with a common data 
processor, common pilot control and common display. Individual sensors and actuators 
would still be required, However, they can be redesigned to give a better interface 
with the digital data processors, probably with advantages in cost and reliability. 

In most current avionics installations, individual wires connect each of the 
sensors, actuators and pilot controls with their associated data processors ond display. 

To minimize the wiring many of the electro-mechanical devices are housed behind 
the instrument panel close to the pilot control and display area. This location is 
crowded, and access Is difficult for maintenance. A common display and control unit 
could free much of the space on the front of the instrument panel, while a common 
data bus could eliminate much of the conventional wiring behind the panel. Further, 
the data processing functions could be shared and located in areas which are more easily 
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accessible for maint-enance , An all digifal, integrated cockpit would create a complete 
departure from the "separate box for each function" approach. During the 1980's, 
hardware for computing functions will become relatively inexpensive. With sensors, 
actuators, displays and controls already integrated, the Incremental cost of providing 
new functions will be minimal . The major risk is tl.;-; danger of common mode failures. 
The design must make provisions for such effects as loss of the prime electrical power 
source, failure of the common indicator, shorting of the data bus, or malfunction of 
the common pilot control . An emergency dropout generator on a separate power bus 
can provide backup protection against the loss of primary electrical power. Dual 
indicators and pilot control panels, one for the pilot and one for the co-pilot with 
cross-feed capability provides protection against a single failure of either. The data 
bus can be triplicated for redundancy with electrical isolation between buses. 

To simplify pilot input/output, a substantial portion of the congested array 
of unipurpose indicators, switches, and knobs on the present instrument panel could 
be replaced with a single multipurpose alphanumeric keyboard -display unit. With a 
simple, but powerful, keyboard language, the pilot could set frequencies, store RNAV 
waypoint coordinates, select operating modes for individual subsystems, and perform 
many other control and information management functions which today require separate 
I/O devices. 

Another improvement could be to integrate several conventional flight 
instruments whose functions overlap into two multipurpose electronic displays, i.e,, 
an EADI and an EHSI/ATSD combination. Many panel indicators, whose sole purpose 
is to indicate the status of some aircraft system (engine, electrical, hydraulic, etc.) 
could be eliminated. Today's pilot must monitor these indicators constantly to detect 
abnormal conditions, whereas in the advanced system, the central processor will 
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assume this function, and only advise the pilot when an abnormal condition exists, 

To further reduce pilot workload the more sophisticated avionics system would provide 
bulk data storage easily accessed via the keyboard -display unit for enroute navigation, 
navaid frequencies, STARs, SIDs, etc. 

2.4 GA AVIONICS GROWTH PROJECTIONS 

The future demand for various avionic equipment has been pro{ected in 
Figure 9. These plots show the expected total number of equipments installed in 
general aviation aircraft as a function of time. The projections are based on forecast 
growth in the GA fleet and anticipated changes in percentage of the fleet that will 
install each equipment. The growth in VHF ^1 and ^2 communications transceivers, 
ELT, ADF, and ^2 VOR/lLS LOC receivers and marker beacon is basically due to 
the growth in the size of the fleet. The ILS glide slope receiver percentage will 
reduce only slightly late in the period as MLS is introduced. DME is expected to 
show a percentage increase in the near 80's but will decrease later in the 1980's as 
use of Loran-C becomes more common. VHF RNAV will show only modest growth. 

By the time that the majority of general aviation moves toward RNAV, more common 
use of Loran-C and VLF is anticipated. This is reflected in their growth in the late 
I980's. MLS will make only modest inroads on the ILS market until the late I980's, 
Autopilot installations are expected io increase in both percentage and total numbers. 
The number of ATCRBS transponders will grow until the mid-l980's and then level 
off as DABS becomes operational early in the 1980's, The altitude encoder will con- 
tinue to grow in use since it Is used with either transponder and will be a requirement 
for flight in almost alt the airspace. Weather radar, radar altimeter and GPW5 will 
increase considerably in percentage, but the fraction of the total fleet will remain 
relatively small. 
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SECTION 3 

GENERAL AVIATION AVIONICS REQUIREMENTS IN THE I980's 


3.1 AVIONICS USER GROUPS 

General aviation users comprise a broad spectrum with widely varying avionics 
requirements. At one end of the spectrum is the sport pilot who operates his glider in the 
airspare with no avionics ctall. At the other end are the corporate flight operations 
which take welNequipped four-engine executive jets in and out of international oirports. 
Some of these general aviation aircraft contain more avionics capability than air car- 
riers because of their strong motivation for reliability and versatility. Cost is the prime 
motivaH .,11 at the lower end of the spectrum while safety and reliability are the prime 
motivat'ons at the higher end. The cost is relatively unimportant when providing safe, 
reliable transportation for the chief executive of a multimillion dollar coiporation. 

There are many possible dimensions for categorizing the users. One approach 
Is based on the standard FAA user categories which ore related to the aviation applica- 
tions; 

• Business Transportation — 

Individual - Any use of an aircraft not for compensation or 
hire by an individual for the purposes of transportation re- 
quired by a business in which he is engaged. 

Corporate - Any use of an aircraft by a corporation, com- 
pany, or other organization for the purposes of transporting 
its employees and/or property not for compensation or hire 
and employing professional pilots for the operation of the 
aircraft. 

• Personal Flying — Any use of an aircraft for personal pur- 
poses not associated w'th a business or profession, and not 
for hire. This includes travel, recreation and maintenance 
of pilot proficiency. 
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• Aerial AppItcaHon — Aerial applicaHon in agriculture con- 
sisis of mose'acfm H es that involve the discharge of materials 
from aircraft in flight and a miscellaneous collection of 
minor activities that do not require the distribution of any 
materials, 

• Instructional Flying — Any use of an aircraft for the purposes 
of formal instruction with the maneuvers on the particular 
fllght(s) specified by the flight instructor, 

• Commercial Operations— * 

Air Taxi - Any use of an aircraft by the holder of an Air Taxi 
Operating Certificate which is authorized by that certificate 
(Includes operatlorti, by scheduled commuter airlines and non- 
scheduled air taxi operators). 

Air Cargo - Non-passenger-carrying commercial transporta- 
tlon of goods, materials, etc. 

• InJustrial/Special — Any use of an aircraft for specialized 
wor k a 1 1 1 ed w 1 1 n in dus tr i a I activity, excluding transportation 
and aerial application (examples: pipeline patrol , survey, 
advertising, search/rescue, photography, helicopter hoist), 

• Other — Any use of an aircraft not accounted for by the 
previous user categories. 


In terms of avionics, the most appropriate user categories are based on the 
types of o'o'.'ations conducted within the air traffic control environment. 

• VFR Operations 

• IFR Operations 

• All-Weather Operations 

The VFR operations category Includes all those users whose avionics requirements are 
based on the fact that they only want to fly in good weather. They have no need to 
fly under instrument conditions but require basic navigation capability. 
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The IFR operafions category includes all those usfjrs whose avionics require- 
ments ore based on the desire for an additional capability to fly on instrumonts in 
margiral woother conditions. They are not, hov/aver, motivated ro pay for the reli- 
ability associated with complete all-weather capability. There Is a general require- 
ment beyond the VFR category for basic surveillance; I.e., something which provides 
the ATC system with position, altitude and identity. There Is also a requirement for 
approach capability. At the low end this means non-precision approach capability to 
typical mlnimums of 500 foot ceiling and one mile visibility. At the high end It means 
precision approach capability to CAT 1 minimums of 200 foot celling and one-half mile 
visibility. 

The All-Weather operations category includes those users who are primarily 
motivated by high rejiabiliiy, requiring redundancy through dual and backup systems, 
weother protection through de-icing equipment and onbonrd radar, and lower minimums 
using flight directors and autopilots. The lower end of this category requires CAT II 
approach capability and the higher end needs CAT 111 approach capability. 

The avionics required for these varied operations form a continuous spectrum. 
However, it is desirable to identify discrete categories within this spectrum just as we 
identify ..'er.lfic colors within the spectrum of visible light. To that end we have 
separated ihe users into six groups, which are id, ntified according to their avionics 
requirements in Table 6. 

At the low end of the avionics spectrum (i.e,, for the VFR Only and l.imi'ed 
IFR Groups), the avionics requirements are dominated by cost; the user wants to 
accomptis the necessary functions at minimum cost. In the middle portion of the 
spectrum (I.e., for the Standard and High Performance IFR Groups), the avionics 
requirements are domirated by performance; the user wonts to achieve the maximum 
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Table 6* General Aviation Avionics User Groups, 



Avionics Requirements Category 


Group F 

Group E 

Group D 

Group C 

Group B 

Group A 








Objective 

VFR Only 

Limited 

IFR 

Standard 

IFR 

High Per- 
formance 
IFR 

All 

Weather 

Highest 

Reliability 

Typical Aircraft 

SE, 

2-Place 

SE 

2-Place 

Complex 

Twin 

Turbo- 

prop/jet 

Jet 

Typical Approach 
Capabil ity 

VFR 

Non- 

Precision 

CAT 1 

CAT 1 

CAT II 

CAT ill 

Typical Avionics 
Investment 

$2K 

$8K 

$20K 

$40K 

$80K 

$150K 


capability in terms of landing conditions, routing, and availabi :>rts. At the 
highest end of the spectrum (i.e., for the All V/eather and Hip'i i fieliobility Groups), 
the avionics requirements are dominated by reliability; the user seeks maximum con- 
fidence that he can reach his destination and land safely despite the weather condi- 
tions. The typical avionics complement for each of these groups at the present time 
are summarized in Table 7, 

Table 8 shows the estimated current distribution of general aviation users by 
the avionics categories. The user categories In Table 8 follow the FAA application 
categories, and the percentage breakdowns are based on ASI estimates. Note that the 
percentages for a given user category (e.g,, business travel) total to 100 percent. 
However, completely accurate statisMcs are not possible because, in practice, there 
is significant overlap between the various groups selected for this study. For comparison, 
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Table 7. Typical User Group Avionics Requiremenis, 


User Group Avionics Requirements 

User Group Avionics Requirements 

Group F VHF Comm 

ELT 
VOR 

These equipments may not moat TSO or 
FAA IFR certification requirements. 

Group E 2 VHF Comm 

ELT 
2 VOR 
ADF 

Marker Beacon 
Transponder 
Wing Level er 

Group D 2 VHF Comm 

ELT 
2 VOR 
ADF 

Marker Beacon 
Glide Slope 
DME 

Transponder 
Encoding Altimeter 
2-Axis Autopilot 

Group C 2 VHF Comm 

ELT 

2 VOR 
ADF 

Marker Beacon 
Glide ShW'? 

DME 

RNAV 

Horizontal Situation 
Display 
Transponder 
Encoding Altimeter 
3-Axis Autopilot 
Weather Radar 

Group B 2 VHF Comm 

ELT 

2 VOR 
ADF 

Marker Beacon 
2 Glide Slope 
DME 
RNAV 

Horizontal Situation 
Display 
Transponder 
Encoding Altimeter 
Flight Director 
3-AxIs Autopilot 
Radar Altimeter 
Weather Radar 

Group A 2 VHF Comm 

£|_J 

2 VOR 
2 ADF 

2 Marker Beacon 
2 Glide Slope 
2 DME 
2 RNAV 
2 Transponder 
2 Encoding Altimeter 

2 Horizontal Situation 
Display 

2 Flight Director 
2 3 -Axis Autopilot 
Auto Throttle 
2 Radar Altimeter 
Weather Radar 
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Table 8. Current Distribution of G.A. Users by Avionics 
Category, Percent of Fleet. 




Avionics Requirements Category 



F 

E 

D 

C 

B 

A 


VFR 

Only 

Limited 

IFR 

1 

Standard 

IFR 

High 

Perf. 

IFR 

All 

Weother 

Highest 

Relia- 

bility 

Business Transportation 







Individual 

5 

10 

55 

30 

* 

0 

Corporate 

ie 

* 

30 

60 

5 

k 

Personal 







Travel 

10 

30 

40 

20 

* 

0 

Recreation 

40 

30 

20 

10 

0 

0 

Aerial Application 

90 

10 

■k 

0 

0 

0 

Instructional 







VFR 

30 

60 

10 

0 

0 

0 

IFR 

0 

0 

60 

35 

5 

* 

Commercial 

Operations 







Air Taxi 

* 

30 

35 

30 

5 

0 

Air Cargo 

10 

40 

30 

20 

* 

0 

Industrlal/Sp'.cial 







Survey 

25 

60 

10 

5 

0 

0 

Patrol 

30 

50 

10 

10 

0 

0 

Search/Rescue 

20 

20 

30 

25 

5 

0 

Construction 

■■ 

40 

60 

* 

0 

0 

0 


* Less than 5 percent. 
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Table 9 shows |-he esMmal'ed 1980's disfribuHon of general avioHon users based on avi- 
onics category. The percentages still total to 100 percent for each user category; 
however, the distribution has generally shifted toward the higher end of the spectrum, 
indicating a greater demand for more sophisticated avionics capability. 

3.2 AIR TRAFFIC CONTROL SCENARIOS FOR THE 1980's 

This section outlines three scenarios for the air traffic control environment 
in the 1980 to 1990 time span, to provide a basis for the anticipated avionics require- 
ments. For perspective. Table 10 presents a few projected numbers on fleet size and 
general aviation operations to show the extent of growth anticipated during the 1980's. 

Table 11 presents the scenarios for three times In the 1980 period — 1980 
which is only four years from the present date; 1985 which is nine years in the future; 
and 1990 which Is fourteen years hence. The bases for these scenarios are the FAA 
forecasts in References 9 and 28, In the near term, the rr.ajor navigation change 
will be the widespread introduction of area navigation. VOR/DME area navigation is 
already In limited use and will probably be expanded in the very near future by ex- 
tended use of 50 kHz sp/cing VOR stations which are paired with the channel Y DME.* 
Most of the newer VOR/DME receivers are designed to accommodate this channel 
splitting. The expansion of RNAV in the near future will be in the high altitude enroute 
structure and in the dense terminals to alleviate controller vectoring. Some three- 
dimensional RNAV approach and departure routes will be introduced. 

In the mid 1980's, the high altitude sector routes will be exclusively RNAV 
as will be those in the high density terminals. A standard grid of waypoints will be 
established for area navigation to provide routing flexibility and to permi t automatic 

* Channel Y DME operates on the same carrier frequencies as channel X, but uses 
different pulse spacing for discrimination. 
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Table 9. I980's DtsfribuKon of G.A. Users by Avionics 
Category, Percent of Fleet. 


Avionics Requirements Category 



F 

— ; — 

E 



D 

C 

B 

A 


VFR 

Only 

Hg| 

Standaid 

IFR 

High 

Perf. 

IFR 

All 

Weather 

Highest 

Relia- 

bility 

Business Transportation 







Individual 

* 

5 

60 

35 

* 

0 

Corporate 

★ 

it 

20 

75 

5 

* 

Personal 







Travel 

10 

20 

40 

30 

ie 

0 

Recreation 

25 

5 

25 

15 

0 

0 

Aerial Application 

80 

15 

5 

* 

0 

0 

Instructional 

VFR 

20 

70 

10 

0 

0 

0 

IFR 

0 

0 

50 

45 

5 

* 

Commercial 

Operations 







Air Taxi 

* 

10 

30 

50 

10 

0 

Air Cargo 

5 

15 

30 

45 

5 

0 

Industrial/Special 







Survey 

15 

45 

30 

10 

0 

0 

Patrol 

20 

40 

20 

20 

* 

0 

Search/Rescue 

10 

20 

40 

25 

5 

0 

Construction 

20 

70 

10 

0 

0 

0 


* Less than 5 percent, 
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Table 10. General Aviation Projections for the 1980 Period, 



1980 

1985 

1990 

Total GA Fleet 

190K 

230K 

275K 

Peak Airborne Count 

20K 

25K 

32K 

GA Operations 

60M 

85M 

llOM 

GA Hours Flown 

45M 

60M 

80M 

Total Active Pilots 

900K 

HOOK 

1400K 


Table 11 . ATC Scenarios for 1980's. 


ATC Feature 

1980 

» 

198. 

1990 

RNAV 

Initial use for high 
altitude enroute and 
dense terminals to 
alleviate vectoring. 
3-D RNAV Routes 
for approach intro- 
duced. 

VLF/Omega opera- 
tional , 

Exclusive use of 
RNAV in high 
altitude sector and 
high density termi- 
nals. Established 
grid of RNAV way- 
points. Automation 
of waypoint inser- 
tion. 3-D RNAV 
approaches standard. 

RNAV the standard 
navigation mode for 
ATC. 4-D RNAV 
approaches In use at 
den' • terminols. 


Extended use of 
50kHzVORanI 
channel Y DME. 

GPS operational in 
military. Loran-C 
in civil use. Mul- 
tiple DME RNAV in 
civil use. 

GPS In civil use. 

MLS 

Limited use of 
IMLS and MLS 
glide slope at 
difficulf sites and 
for CAT 1 & II 

DME colocated v/ith 
ILS & MLS. 

ILS & MLS colocated 
at major terminals. 
MLS at difficult sites. 

Gradual replacement 
of ILS with MLS, 
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Table 11. ATC Scenarios for 1980's (Continued). 


ATC Feature 

1980 

1985 

1990 

Surveillance 

ATCRBS transponder 
and encoding altime- 
ter required in all 
positive control 
airspace. Floor oF 
en route positive con- 
trol lowered to 
12,500 ft. TCA's 
expanded to include 
military airfields 
and ceilings raised 
to intersect enroute 
positive control 
airspace. 

ATCRBS or DABS 
transponder with en- 
coding altimeter 
required to fly in 
controlled airspace. 

DABS transponder 
and IPC or BCAS 
required to f|/ in 
controlled airspace. 


First DABS ground 
facilities imple- 
mented. Introduc- 
tion of IPC service in 
limited areas. DABS 
transponders available 

Mixed use of DABS 
and ATCRBS trans- 
ponders. IPC service 
expanded , 

DABS transponder 
and dato link re- 
quired in positive 
control airspace. 


AKTS 11 installed 
at medium density 
terminals. Radar 
service available 
at all tower con- 
trolled fields. 

DABS surveillance 
available at medium 
density terminals. 



BCAS introduced 
in air carriers and 
high performance 
aircraft. 

BCAS in common 
use as cost comes 
down. 

■ 

Communications 

Introduction of 25 
kHz VHP channel 
spacing. 

Introduction of data 
link (DABS or VHF). 

Common use of data 
link for ATC com- 
munications. 

' 

Test of Aerosat for 
oceanic communica- 
tions. 

Possible implementa- 
tion of Aerosat 
although introduction 
BCAS reduces re- 
quirement for Aerosat, 

Use of CRT in cock- 
pit for disploy of 
data link information. 

Increased genera! 
aviation use of 
radio telephone. 

FSS 

Implementation of 
automated stations. 

3400 unmanned FSS, 
30 manned FSS. 

Communication with 
FSS by touchtone 
data link. 
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inserfion of waypoints. Ideally this grid will be based on latitude and longitude, 
although other techniques have been studied (the DDBS concept using bearing and dis- 
tance from VORTAC stations). By this time frame three-dimensional area navigation 
approaches will probably be standard. 

At the end of the 1980's, 4-D RNAV approaches will be in use nt the denser 
terminals In order to provide spacing of aircraft into the airports, Rouiing Ly area 
navigation will be standard at low and high altitudes. 

Although initial RNAV use will be mostly with VOIV'DME, VLF and Omega 
are also expected to be utilized. VLF/Omega has already been certificated for enroute 
use and is avaiicbie In general aviation aircraft. By the middle of the 1980's It is 
anticipated that Loran-C will be In civil use for air navigation, that multiple DME 
RNAV also will be in use, and that the global positioning system will be operational 
in military aircraft, 1985 is the expiration year of the existing ICAO regulations 
which specify VOR/DME as the standard navigation system, and some studies have 
examined Loran-C as a replacement for VOR/DME at that time. However, it is more 
likely that the RNAV system will be predicated on accuracy without specification of 
what system is used or provided. By the end of the 1980's the global positioning 
system is expected to be available for civil use. 

Turning to the microwave landing system, limited use of the standard interim 
microwave landing system (IMLS) and the universal microwave landing system glide 
slope Is expected at sites requiring microwave glide slope and for Categories II and 111 
in the early part of the 1980's. In the mid 1980's, ILS and MLS will probably be 
colocated at the major terminals with MLS being used at difficult sites, DME will 
probably be colocated with ILS and MLS by 1985, but the DME i: more likely to be the 
existing DME than it is to be the new C-band DME. By the end of the 1980's one should 
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look for gradual roplacemenl- of ILS with MuS if the univerra! MLS is accepted by ICAO 
in the near future. 

For surveillance in the near 1980's^ the ATCRBS transponder and an encoding 
altimeter will be required In all positive control airspace, and the floor of the enroute 
positive control airspace will be lowered to 12,500 feet in most regions. The terminal 
control areas probably will be expanded to include military airfields, and the TCA 
ceilings will be raised to the floor of ihe overlying enroute posirive control airspace. 
Implementation of DABS will begin in the early I980's, and IPC will probably be intro- 
duced In limited areas. The ARTS II will be installed at medium density terminals and 
some form of radar will be available at essentially al I tower control led fields. BCAS 
will be introduced by 1980, but its high cost will probably limit its use to air carriers 
and high performance aircraft. 

In the middle of the 1980's, the ^’•' 1 nsponder with encoding altimeter will 
probably be required to fly In any controlled airspace, and implementation of DABS 
will have produced a mixed use of DABS and ATCRBS transponders. The IPC service 
will be expanded to more areas and BCAS will find greater use as the equipment costs 
fall. By the end of the 1980's, some form of collision avoidance system, either IPC 
or BCAS, might be required in order to fly in controlled airspace. The DABS trans- 
ponder with a data link readout might be required In positive controlled airspace. 

In communications, channel splitting in the VHF band will be utilized 
throughout the 1980's. Most of the new VHF communications radios already have 
25 kHz spacing. A data link utilizing either DABS or a dedicated VHF frequency will 
probably be introduced by the middle of the I980's, and by the end of the 1980's data 
link will be in common use for air traffic control communications. There will probably 
be considerably more general aviation use of the radio telephone as the cost declines 
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and t-he GA users discover I Is convenience. Aerosat is to be tested in the early 
1980's v/ith possible implementation; however, the introduction of BCAS will greatly 
reduce the requirement for an aeronautical satellite. 

Flight service stations should begin automation in the early I980's. By the 
mid I980's the FAA forecasts that there will be only 30 manned flight service stations 
remaining, with 3,400 unmanned self-briefing stations. By the end of the 1980's, it 
should be possible to communicate directly with the flight service station data links 
using touch-tone dialing and computerized voice synthesis. 

3.3 GA AVIONICS REQUIREMENTS FOR THE I980’s 

Table 12 indicates the impact of the preceding scenarios on the incremental 
avionics requirements beyond those shown in Table 7. In general, the equipment finds 
implementation at the highest level of sophistication and tends to filter down to the 
lower levels as the cost reduces, as the advantage to the user is demonstrated, and as 
regulations and common usage tend to force it upon the less sophisticated user. In the 
case of the area navigation system, groups A, B, and C are already generally using 
area navigation in varying degrees. Groups D, E, and F are expected to see major 
Introduction of RNAV by the years 1980, 1985, and 1990, respectively. The particular 
type of area navigation which the various user groups will utilize will probably be 
split among VOR/DME, DM^DME, VLF/Omega, Loran-C and the Global Positioning 
System. Inertial navigation will probably not be used extensively outside of the more 
sophisticated general aviation users because of Its high cost relative to the other 
options. 

The rest of this section discusses in more detail the avionics requirements 
which are dictated by the UG3RD, which are desired for the UG3RD or beyond the 
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Avionics Change 

A 

VHP Comm, to 25 kHz Spacing 

80 

Encoding Altimeter 

X 

DABS Tronsponoer 

80 

IPC 

80 

Dota Link Reodout 

85 

BCAS 

80 

MLS 

80 

VOR to 50 kHz Spacing 

80 

DME to Y Channels 

80 

RNAV 

X 

VNAV 

80 

VLF/OMEGA 

80 

LORAN C 

85 

DME/DME 

85 


GPS 


90 




UG3RD. These discussions con fain some repetiflon from previous sections since they 
ore intended to be self-contained explanations. 

3.3.1 REQUIREMENTS FOR THE UG3RD 

Table 13 indicates how the ATC functions under the upgraded third genera- 
tion system would affect the various avionics user groups. For navigation equioinent, 
the major Impact is expected to be a requirement for area navigation for oil of the user 
groups that operate IFR. As previously mentioned, it is anticipated that area naviga- 
tion structures will be Introduced Into the air traffic control system in the relatively 
near future, and by the 1980 time period that portions of ths air space may be restricted 
to users with RNAV capability. 


Table 13. New Avionics Requirements for UG3RD. 


ATC Function 

Avionics Requirements Category 

Group F 

Group E 
— 

Group D 

Group C 

Group B 

Group A 

Navigation 

RNAV 

MLS 

Communications 

Data Link 

Surveillance 

Altitude 

Reporting 

DABS 

IPC/BCAS 



HBBi 

)MEGA or 

LORAN-C 

or INS ^ 



DABS Z 

Glide 

Slope 

-s: 

c 

Li 

E 

a 


Altitude 

Encoder 





D 

/^BS Tronsp 

snder 



IPC Disc 

ilay 
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The type of RNAV equipmenf will probably nof be specified, except- thof it 
must be certificated for operation in the system. The criteria for certification are ex- 
pected to remain simllor to FAA Advisory Circular 90-45. The possible types of RNAV 
are: VOR/DME, which is already available to the general aviation community; VLF/ 
Omega, which Is also available but has received only limited !FR certification; Loran-C, 
which meets the accuracy requirements but has not received IFR certification; or INS, 
where some equipments have been certified for IFR operation. 

Area navigation equipments using multiple DME or DME in a fast-hopping 
mode may be preferable to VOR/DME RNAV since the accuracy of the DME is better than 
VOR. The multiple DME equipments, however, are not yet generally available although 
there are a number of sets In a development stoge. Certain problems arise with the pro- 
liferation of fast-hopping DMEs In that a DME ground station can be saturated by over 
interrogation. The DME ground equipment Is designed to reduce the sensitivity of the 
receiver whenever the Interrogation rate Is too high to keep the number nf using aircraft 
at the level that rhe ground station can handle. Consequently, aircraft transmitters 
having the strongest received power at the ground station will be the ones granted service. 
Since the received power depends on both the transmitted power and the aircraft range, 
there is some user advantage to transmitting at high power. Presently, a DME ground 
station can handle about 100 aircraft simultaneously. Potential Improvements in the DME 
system could Increase the number of Interrogators by a factor of about 8. Some of these 
changes involve slower Interrogation rates on the part of the using aircraft and improved 
capability of the ground systems to handle the interrogations. 

The requirement for the MLS glide slope is placeo on the user groups who 
seek very high reliability. Groups A and B. It is anticipated that some airports will 
provide only an A4LS glide slope, and the user would be unable to make a precision 
Instrument approach to that field without the MLS glide slope receiver. MLS is not 
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considered as a requirement for any of the lower user classes since the majority of the 
airports will provide precision approach capability through existing Instrument landing 
systems. The possibility exists that the glide slope portion of the MLS will be imple- 
mented Independent of the localizer portion, arcl be used essentially as a replacement 
for the UHF glide slope component in tho standard ILS configuration. Consequently, 
an MLS localizer is not seen as a requirement. 

The major new requirement for communications is a data link v, lich will most 
likely be the DABS data link. The data link would be required for oil aircraft partici- 
pating In the IPC system, shown to include the four highest user groups. 

Under surve'Hance, an altitude reporting capability will be required of all 
user groups. Ther^t is a strong probability of a requirement for every user of the air- 
space system to onnounce his identity and altitude with his radar position reply. The 
FAA is already ir.itiating rule-making proposals to require beacon transponders and 
reporting altimeters for all aircraft ope: rting in controlled airspace. This reauirement 
is presently in existence for TCA's and Positive Controlled Airspace, but can be waived 
at the controller's discretion. The altitude encoder for the two lowest categories would 
be used in conjunction with the existing ATCRBS transponder. For those aircraft 
equipped with DABS, It would be used in conjunction with the DABS transponder. 

In summary, the major impact on requirements from the UG3RD is anticipated 
to be some form of RNAV capability for all of the users flying IFR, an MLS glide slope 
for the high reliability and all-weather users, an altitude encoder for all ai'-cratt In the 
system, and the DABS transponder data link and display for the four highe.r groups , 

3.3.2 ADDITIONAL DESIRED EQUIPMENT FOR THE UG3RD 

Table 14 shows equipment which would be desirable as a result of the UG3RD. 
These are equipments n addition to those discussed above which would be conside ed 
essential . 
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Table 14. New Equipment- Desired for UG3RD. 


Avionics 


DABS 

I PC 

RNAV 

MLS 

Automation 

ASTC 

WVAS 

FS5 

Aero Sat 


Avionics Requirements Category 


Group F 


Group E 


‘DABS Transponder* 
with Eocoding->- 
Altitheter 


IPC Dj 
or FI 

Low-Cost 

'RNAV*"" 


i spiny* 
CAS • 




Group D 


l-DABS Tran 
Encoding 


VLF/OME 


GA or VOR/DME 


LORAN-C or iNS 


MLS GS*- 


Touchtone 


Group C 


IPC Display 


Data Link 


Data 


Data Link* 


Group B 


ponder wl 
Altimeter 


-Dota Link 
Link* 


Group A 


MLS QS & Loot. 


JXACV^ 

An tenna 


* Indicates over and beyond required equipment 


Tile DABS transponder with encoding oliimeter would be deblroble for oil 
aircraft in the system, whereas it was considered required only for the four highest 
categories. The advantage of having all aircraft DABS equipped is that the IPC 
service would include all aircraft Ik the system. The IPC display will also be required; 
consequently, the IPC display is extended to cover all user groups. 

Low cost area navigation equipment would be desirable, even for Group F 
(VFR-only) users. Inasmuch as it allows the user to fly direct routes and to locate air- 
ports not served by other navaids. The RNAV equipment would not need to meet the 
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requiremenfs for IFR cerHftcafion as ouHined in Advisor/ Circular 90-45, buf should hove 
in accuracy of the order of 2 miles. There is a good deal of promise for this low cost 
capability from VLF/Omega. The RNAV using VOR/DME is probably not satisfactory 
for this purpose because it does not provide coverage at lov/ altitudes throughout the 
continental Uni'ed States, whereas many of the Group F users typically operate In re- 
mote areas or at low altitudes. Loran-C could serve this need except that at the 
present time Omega sets cost less than Loran-C equipment because of the simpler signal 
processing required. In the future, with advanced electronic components. Omega and 
Loran-C should approach the same cost to the user. 

Under MLS, it would be desirable for all of the IFR users to be equipped 
with the MLS glide slope receiver to permit precision approaches to runways not 
served with the conventional ILS glide slope. For the highest reliability users, the 
availability of the MLS localizer would provide a back up to 'he conventional ILS 
localizer and provide additional accurocy and reliability for automatic approaches. 

The UG3RD function of automation leads to the requirement for some form of 
data link in order that increased voice communications do not cancel the gains in traffic 
handling capability made possible through automation. Consequently, a data link 
capability for the aircraft flying IFR is desirable to achieve the full benefits of In- 
creased ATC automation. 

Data link would also be desiroble for airport surface traffic control. It Is 
included for the three highest user categories since they are more likely to operate at 
the high density terminals which require this surface control. 

Data link is also desirable for providing advisories to aircraft as part of the 
wake vortex avoidance system. The desirability of data link is extended into the 
standard IFR group since the wake vortex avoidance system could be utl'ized to advant- 
age ot many airports with insufficient traffic to justify surface control. 
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A niuch lower cosf form of data link could uHlIze fhe tauch-tane system 
developed by the telephone company for transmitting digital Information over a voice 
channel. It would be suitable for use in connection with flight service stations which 
will be using automated weather information transmission over voice communications 
lines. Since all groups utilize the flight service stations, the touch-tone data link 
would be a desirable feature for all users. 

Aerosar only applies to the few GA users who would be flying oceanic 
routes. If the system develops using carrier frequencies already available on the air- 
craft, the new requirement would be for an antenna with directional capability point- 
ing generally upwards towards the satellite. If the carrier frequencies are different 
than those existing on current aircraft, then a dedicated transmitter and receiver would 
also be desirable. 

3.3.3 ADDITIONAL DESIRED FEATURES BEYOND THE UG3RD 

Table 15 suggests several additional desired avionics features for each user 
group beyond those called out in the upgraded third generation system. 

The Ground Proximity Warning System (GPWS) is considered desirable for 
the four highest categories of IFR users. The GPWS will be required by turbine- 
powered airliners after December 1976. The potentiol capability is useful for all 
aircraft operating In instrument weather or at night. GPWS would require a radar 
altimeter plus a warning system with pilot display and associated logic to drive the 
warning system. The requirements as set out for the airliners might be relaxed for 
general aviation aircraft, but certainly the presence of a radar altimeter for low 
approaches in IFR weather Is an extremely desirable feature. 

The airborne traffic situation display would be extremely desirable for many 
of the users, since It would place the traffic Information in the cockpit. 
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Table 15. Addlbional Desired Feafures Beyond UG3RD. 


Avionics 


Avionics Requirement Category 


Group F 


Group E 


GPWS 
ATSD 

OMEGA/VLF 
LORA.N C 
INS 

Touchtone Dotal inlj- 
Fuel Optimization 
GPS 


Low Cost 
Recei 


Group D 


Lir* 


■H 


Altimeter 
+ Logic 
Cjomputatior 
jtation & C 
^IMU, 
Simpl^ Modulotijm on VHP 

Flight 


— Rada 
— Data LI 
eceiver/ 
[ver. Comp 


Group C 


Group B 


Group A 


t- Logic + '^orning-' 
Display— 

& Diqalayl 
ispiay 


Pomputer^ 

omm 

[Vianagemen| 
i— RCVR 


Display . 


r Feature. 
TX 


Three of the previously mentioned RNAV systems are associated with user 
groups in Table 14, A VLF/Omega system would require a low-cost receiverr compu- 
tation and display. The same is true for Loran-C/ and all user groups would potentially 
be interested in this form of RNAV. The INS system, because of its high cost, would 
probably only be desirable for the more sophisticated user. 

The touch-tone data link, which was mentioned arlier, would amount vo 
a simple modulation on the VHP communications channel. It would be desirable for all 
users since it could be a major communications channel to flight service and small 
fields not served by a tower. 

Fuel optimization is considered ,o be a flight management system feature i'‘hich 
would conserve fuel by flying a fuel optimum trajectory during letdown and landing with a 
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programmed speed reducfion and delayed Hap extension. It would only be reasonable 
to use this equipment on the higher performance aircraft and is only listed, therefore, 
for the three highest categories. 

The Global Positioning System, if implemented, will provide an extremely 
accurate worldwide navigation capability. However, due to the limited need for this 
capability and the cost of obtaining It, only the two most sophisticated groups are shown 
as potential users during the 1980's. 
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SECTION 4 

PARAMETERS FOR AVIONICS COMPONENTS 


A matrix of cril-ical parameters versus avionks user group has been prepared 
for each major element of the avionics complement. The parameters are listed In 

t 

approximate order of relative importance. Tables 16-34 present these parameters for 
each of the following existing or future equipment. 


1 . VHF Communications Transceiver 

2. ELT 

3. VOR/ILS Local! zer Receiver 

4. ADF 

5. Marker Beacon Receiver 

6. ILS UHF Glide Slope Receiver 

7. DME 

8. RNAV 

9. ATCRBS Transponder 

10. Encoding Altimeter 

11. Horizontal Situation Display 

12. Autopilot 

13. Radar Altimeter 

14. Weather Radar 

15. DABS Transponder 

16. IPC Display 

17. GPWS 

18. MLS Receiver 

19. HF Communications Transceiver 


Each of these avionics components has been reviewed in an attempt to 
establish which design features will have the major effect on equipment cost. These 
"cost drivers" and some suggested research and development areas are summarized in 
Table 35. 
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Table 16. Crirtcaj ParameterF for VHP Communicaflons Transceiver 
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c 

m 

R 
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H 
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G) 

U 

N 

a 


J 

CD 

O 

I 


r 

t;- 


ra 

►— I 

c. 

s 

tc 


a 

a 

o 

a 

p 

I— i* 


Parameter 

VFR 

Only 

T ■«. 

Limited 

IFR 

Standard 

IFR 

High 

Performance 

IFR 

All 

Weather 

Highest 

Reliability 

Approximate Cost 

$500 

$700 

$1,000 

$2,000 

$3,000 

$5,000 

Power Output 

5w 

7w 

lOw 

15w 

20w 

25w 

Spectrum 

118 

.000 to 135. 





Channels 







Number 

360 

360 


720 

♦ 

720 

720 

Spacing 

50 kHz 

50 kHz 


25 kHz 

25 kHz 

25 kHz 

Modulation 

AM 

AM 


AM 

AM 

AM 

Transmitting 







Range 




175 n.m. 

200 n.m. 

225 n.m. 




Parameter 


Approximate Cost 
TSO 

Frequency 

Power Output 
(after 48 hours 
operation at 
-2CPC) 

Modulation 

Activation 


VFR 

Only 


75 mw 


Table 17 , Critical Parame -rs for ELT 


Limited 

IFR 


Standard 

IFR 


High 

Performance 

IFR 


C91 (RefRTCA DO-145 5 Nov 1970) 
121.5 and 243.0 MHz 1 


125 mw 


200 mw 


300 mw 


All 

Weather 

Highest 

Reliability 

$350 

$400 


3 ^ 




500 mw 


Downward sweeping audio tone over at least 700 Hz between 1600 and 300 Hz at 
a repetition rate of 2-4 times per second. I I 


When longitudinal acceleration exceeds 5 (+2, -0)g for longer than lli (+5, -0) millisec 


750 mw 












Table 18a. Critical Parameters for VOR Navigation Receiver 


Parameter 


VFR 

Only 


Approximate Cost 
Spectrum 
Channels 

(50 kHz Spacing) 200 
Accuracy (2 (t) 3.0° 


Limited 

IFR 


Standard 

IFR 


$ 1,000 


108.00 to 117.95 MHz- 


High 

Performance 

IFR 

AH 

Weather 

Highest 

Reliability 

$2,000 

$3,000 

$5,000 

• 200 

200 

200 

1.^ 

1° 

0.5° 


Table ISb, Critical parameters for ILS Localizer Receiver 


arameter 


VFR 

Only 


Limited 

IFR 


Standard 

IFR 


High 

Performance 

IFR 


AH 

Weather 


Highest 

Reliability 


(Part of VOR Receiver) 

I 

36c (Ref RTCA DO-131 15 December 196 

108-112 MhJ 

40 (50 kHz sclacing) 


























Table 19. CriHcal Paramefers for ADF 


Parameter 

< 

! 

VFR 

Dniy 

Approximate Cost 

N/A 

ISO 

1 

1 

Frequency Range 

Quantization 

Tuning 

1 

1 

! 

1 

! 

Relative Bearing 
Accuracy (2 cr) 

Mounting 

1 

1 

1 

1 

\ 


Limited 

!FR 


SIOOO 

C41c 


Standard 

IFR 


$1500 


High 

Performance 

IFR 


$3000 


AI! 

Weather 


$5000 


C41c I C41c I C41c 

(Ref RTCA DO-142 dated 8 January 1970) 


200-1800 kHz 
1 kHz 


2 . 5 ^ 

Panel 


.5 kHz 


.5 kHz 


Remote 


20 

Remote 


Highest 

Reliability 


$R000 

C41c 


Remote 
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Parameter 


VFR 

Only 


Limited 

IFR 


1 

03 

CN 

t 


Approximate Cost 
Range 

Power Output 

Spectrum 

Number of 
Channels* 

TSO 

Accuracy (2 a) 
Features 


$1’,000 

53,000 

lOOn.m. 

150n.m 

70w 

I50w 



100 

X only 

100 

X only 

66a 

66o 

0.5 n.m, 
or 3% 

.4 n.m. 

or 2% 


* X Channels are paired with VOR stations at 


. Critical Parameters for DME 



kHz spacing; Y Channels are paired with VOR stations at 50 kHz spacing 












AEBOBPACB 8VSTBMB, lIMBi • ONB VINE apiQaK PARK • burlinqton, masbachusetts oiQoa • (Q17) a 7 a- 78 i? 


Table 23. Crlfical Paramefers for RNAV.* 


Poramefer 

VFR 

Only 

Limited 

IFR 

Standard 

IFR 

High 

Performance 

IFR 

All 

Weather 

Highest 

Reliability 

Approximafe Cost 

$2000 

$4000 

$7000 

$15,000 

$30,000 

$40,000 

Accuracy 

+2 n . mi . 


d in FAA AC-90- 

■45 



A ^ J . W 1 ' I K 




Waypoinfs 

1 

2 

10 

10 

20 

20 

VNAV Capability 

No 

No 

Yes 

Yes 

Yes 

Yes 

Track Offset 

No 

No 

Yes 

Yes 

Yes 

Yes 

Display 

L/R & miles 
to go 

L/R & miles 
to go 

L/R Sc miles 
to go 

Map & alpha- 
numerics 

Map 8c alpha- 
num cries 

Map & alpha- 
numerics 

Wind Estimation 

No 

No 

No 

Yes 

Yes 

Yes 

D/R Capobility 

No 

. 

No 

No 

Yes 

Yes 

Yes 


*fncludes UHF/VHF, Omega/VLF, Loran-C, GPS. 
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Figure 24. CriMcoI Paramefers for ATCRBS Transponder 


Parameter 


VFR 

Only 


Limited 

IFR 


Approximate Cost $600 

TSO C74c 

Class 2B 



Standard 

IFR 


$1500 


A - above 15,000* 
B = below 15,000* 


High Performance 
IFR 


1 = higher standord 

2 = lower standord 


All Highest 

Weather Reliability 



$4000 


$6000 


Power Output 
(Watts) 


Modes 


A,B,C, A,B,C,D 
D 


Environmental 

Standards 


Codes 


RTCA DO-138 

Paragraphs 4.0 - 7.0 & 9.0 only 
(Temp-altitude-humidity 
shock, vibration, power ‘" tut) 



4096 


RTCA DO-138 


4096 


4096 











Table 25, Critical Parameters for Encoding Altimeter. 


Porameter 


VFR 

Only 


Approximate Cost $600 


Altitude Range “1,000' to 
17,000' 

Quantization 

Accuracy 


-1,000' to -1,000' to -1,000' to 

17,000' 25,000' 35,000' 

— flOO ft Standard ICAO Altitude Code] 

[+125' 2a] 


All 

Weather 

Highest 

Reliability 

$4,000 

$6,000 

C88 

C88 

-1,000' to 

-1,000' to 

50,000' 

50,000' 




I I > 

Features - Compatible with both ATCRBS & DABS Transponders 

I, I I 

Optional outputs for autopilot, altitude alerter, & RNAV 
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Table 26. Critical Parameters for Horizontal Situation Display. 


Parameter 

VFR 

Only 

Limited 

IFR 

Standard 

IFR 

High 

Performance 

IFR 

All 

Weather 

Highest 

Reliability 

Approximate Cost 

N/A 

N/A 

N/A 

$2000 

S4000 

$6000 


Table 27. Critical Parameters for Autopilots. 


Parameter 

VFR 

Only 

Limited 

IFR 

Standard 

IFR 

High 

Performance 

IFR 

All 

Weather 

Highest 

Reliability 

Approximate Cost 

N/ 

'A 

$800 

$1500 

$3000 

$7000 

$15000 

Stabilized Axes 



Roll 

Rol I/Yaw 

Rol l/Y aw/Pitch 

Roll/Yaw/Pitch 

Rol I/Yaw/Pitch 








Auto Throttle 

Command 



Bias 

Torn/Heading 

Turn/Heading/ 

Tum/Heodina/ 

Tum/Heading/ 

Capability 





Pitch Rate/ 

Pitch Rate/ 

Pitch Rate/ 






Altitude 

Altitude 

Airspeed 

Tracking Capability 



None 

VOR/LOC 

VOR/RNAV/LOC 

VOlVRNAV/LOC 

VOR/RNAV/LOC 






VNAV/GS 

VNAV/GS 

VNAV/GS 

TSO 



C3b 

C3b 

C9c 

C9c 

C9c 






(Ref. SAE AS-^ 

02A dated 1 Febru 

□ry 1959) 

Flight Director 








Interface 



No 

No 

No 

Yes 

Yes 

Missed Approach 








Capability 



No 

No 

No 

Yes 

Yes 
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Table 28. Critical Parameters for Radar Altimeters. 


Parameter 


VFR 

Only 


Limited 

IFR 


Standard 

IFR 


High 

Performance 

IFR 


All 

Weather 


Approximate Cost 


$ 2,000 


$4,000 


$7,000 


Altitude Range 

Accuracy (2a) 

Below TOO* 

100-500’ 

Above 500' 

Power Output 

Response Time 

Autopilot Output 

Noise Output 
Below 100’ 

(to Autopilot) 


0 - 2 , 000 ’ 


0 - 2 , 000 ’ 


0-3,000* 


35 mw 
, 1 sec 


70 mw 
.1 sec 


150 mw 
. 1 sec 


[Adaptoble to GPWS]- 





Table 29. Critical Parameters for Weather Radar. 


Parameter 


Approximate Cost 
TSO 

Frequency 

Power Output 
(peak) 

Display 

Range 

Bearing Accuracy 
(2a) 

Range Accuracy 
(2a) 

Scan 

Stabilization 


VFR 

Only 


Limited 

IFR 

Standard 

IFR 

High 

Performance 

IFR 

Ail 

Weather 

Highest 

Reliability 

N/A 

1 

N/A 

$5000 

$10000 

$20000 





C63b (Ref. RTCA DO-134 dated 16 February 1967) 
* 1 





-rf— — X-Bnnd 







8kw 

15 kw 






CM 

r*DT 






D 

100 n.m. 

Cl\ 1 

200 n.m. 

300 n.m. 

j 




5° 

4° 

3° 





6% 

5% 

4% 





90° 

120° 

00 




f 

None 

1 axis 

2 oxis 











Table 30. Critical Parameters for DABS Transponder 


Parameter 


Approximate Cost 

TSO Class 

Power Output 
(Watts) 

Frequency (MHz) 
Tx 
Rev 

I 

I 

Address Codes 

Messcnc Length 
Uplink 
Dov.-’link 

Environment 


VFR 

Only 


$800 

2B 


! — 32.5jusec 

120 nsec 


Limited 

IFR 

Standard 

IFR 

High 

Performance 

IFR 

All 

Weather 

Highest 

Reliobility 

$1100 

$1800 

$3000 

$6000 

$9000 

2B 

2A 

IB 

lA 

lA 

200 

300 

500 

500 

700 

1030 

1030 

1030 

1030 

1030 

1090 

1090 

1090 

1090 

1090 

224 

224 

224 

j24 

224 

I 1 ^ 1 ^ 


Same as AT 
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Parameter 


Approximate Cost 

Displayed 

Information 


Audio 

Data Refresh Rate 


Table 3i. Critical Parameters for IPC Display. 


VFR 

Limited 

Standard 

Only 

IFR 

IFR 

$500 

$700 

$1200 


High 

Performance 

IFR 


All 

Highest 

Weather 

Reliability 


$2000 


$3000 


36 Proximity Warning Indication Lights plus four Positive and Negative Commands 
• Warning Tone 


sec 


$4000 
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Table 32. Crirtcal Parameters for GPWS 


Parameter 


Approximate Cost 


Mode 1 - Excessive 
Sink Rate for 
Altitude 

Mode 2 - Excessive 
Terrain Closure 
Rate 

Mode 3 - Negative 
Cl imb After 
Takeoff or 
Missed Approach 

Mode 4-FlightInfo 
Terrain when not 
in Landing 
Configuration 

Mode 5 - Below 
ILS Glide Path 

Visual Display 

Audio Display 


VFR 

Only 


Limited 

IFR 


Standard 

IFR 



All 

Highest 

Weather 

Reliobility 

$2000 

$3000 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

1 

Yes 

























Table 34. Critical Parameters for HF Commonicarions Transceiver 


Parameter 

VFR 

Only 

Limited 

IFR 

Standard 

IFR 

High 

Performance 

IFR 

All 

Weather 

Highest 

Reliability 

Approximate Cost 

N 

/A 

H 

ik 

$1,000 

$2,000 

$3,000 

$4,000 

Power Output 





50w 

lOOw 

150w 

200 w 

Spectrum 

Channels 






1-5 to 30 MHz 







5 

10 

15 



20 

Modulation 





AM 

AM + S3B 

AM + SSB 

AM + SSB 

TSO 





C31 

C31 

C31 

C31 






C32 

C32 

C32 

C32 
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Table 35. Avionics Cost Drivers and Possible Research Areas. 


Avionics 

Cost Drivers 

■ ' ■■■ '■ ■- ^ 
Possible R&D ArcJS 

RNAV 

. Loran-C: extensive data processing 
. VLF/Omega: phase locked loop tracking 
at low signal/noise 
. DM^/DME; transmitter 
. INS: gyros 

. Low cost Loran-Q/Omego hybrid 
receiver 

. Logic chips for standard navigation 
functions 

. Ir^ut-oufput displays for 3D and 4D 
RNAV 

. Atomic clocks for GA 

Encoding Altimeter 

. Optical encoder 

. packaged encoder for altitude, heeding 
air-peed 

Horizontal SItuotlon 
Display 

. Gyro-stabilized heading «'i.?<»f, 2 nce 
. Contrast at all ambient light level . 

. Low cost heading reference 
. Low cost CRT, LED or liquid crystal 
display 

Autopilot 

. Gyro components 
. Servo drive instoMation 

. Low-cost inertial pockoge 
, Low-cost digital servo drives 

Weather Radar 

. Display 
. Antennc 

. Multipurpose display 
, Low-cost phased-orray ontenna 

DABS 

. Data link output 

, Low-cost input-output unit for data link 

HF Communications 
Transceiver 

. Antenno instal lotion 
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Table 35. Avionics Cost Drivers and Possible Research Areas (Continued). 


Avionics 

Cost Drivers 

Possible R&D Areas 

VHF Communicarons 
Transceiver 

. Reliability under high ambient tempera- 
ture 

. Frequency tolerance 
. Manual frequency selection 

. Avionics heat protection 
. Microprocessor r.f. generator develop- 
ment 

. Electronic switching 
. Improved fidelity/noise attenuation 

ELI 

. Battery life 
. inadvertent activation 
. Voice modulation 

. Alternate power source 
, Improved deceleration detectors 
. Additional features (identity, theft pro- 
tection, etc.) 

VOR/li-S Localizer 
Receiver 

. Reliability under high amb!«;ii; tempei'u- 
ture 

. Reliability under vibration 

. Avionics heat protection 

Impioved reliocility under ten^erature 
and vibration 

ADF 

. Accurate heading reference 

. Low-cost, gyro-stabilized coenposs 
. Sense end loop antenna consolidation 
with integral phase comr'ensation 

luS Glide-Slope 
ReceVer 

. UHF circuitry more expensive than VHF 


DME 

. High power output 

. Low-cost, high power, solid state 
transmitter 
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Table 35. Componenf Oasf Drivers and Possible Research Areas (Continued), 


Avionics 

Cost Drivers 

Possible P&D Areas 

IPC 

. Special purpose display 

. Low cost multipurpose display 

MLS* 

. Additional C-band DME 

. Glide slope converter to drive ILS 
receiver. 


* No ICAO agreement yet on final configuration. 














SECTION 5 

GA ALTERNATIVES FOR THE UG3RD 


T'lis secfion discusses possible varlaHons in the UG3RD ATC system insofar 
os general aviation is concerned. Specifically it investigates the possibility of 
separated ATC for general aviation and changes in the UG3RD to minimize the GA 
avionics requirements, or to maximinze their utility. 

5 . 1 SEPARATED ATC FOR GA 

A natural segregation of air traffic has developed over the years, but this 
separation has been based on capability and cost factors and is not a segregation of 
general aviation as a whole. Aircraft performance capabilities (e.g., high altitude 
versus low altitude or single engine versus multi-engine), equipment expenses {trans- 
ponder, altitude encoder, IFR versus VFR, etc.), and user costs (e.g., landing fees) 
are generic features which tend to discriminate part of the GA fleet from the air 
carriers. While the air traffic control system either creates some of these differences 
or tends to reflect and emphasize them, airport operators are responsible for some 
discrimination. 

In the terminal area, a natural segregation based on airspeed capability is 
almost unavoidable In order to make maximum use of available runway capacity. It 
Is desirable to have all aircraft in the landing queue flying the same airspeed so that 
separation can be maintained without leaving gaps. However, the approach speeds 
for the larger turbojet aircraft are greater than the maximum cruise speeds of many 
smaller gei eral aviation aircraft. Furthermore, the length of the landing roll and 
consequently the length of runway required is a direct function of the landing speed. 
Therefore, it is desirable not only to segregate the traffic by speed capability, during 
the approach, but also to direct them to different runways of appropriate length. 
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Another consideration is that more than one speed is needed for each class of aircraft 
in order to permit metering and spacing by speed control > Also, the deceleration 
process takes place In stages from cruise speed to approach speed to landing speed. 
Therefore, a range of airspeed capability is necessary for all aircraft in a particular 
class. The typical airspeed capability for each avionics user group is shown in Figure 
10. Typical air carrier and helicopter capabilities are also shown for comparison. The 
upper bound of 250 kts Indicated airspeed (IAS) is the FAA established speed limit at 
altitudes below 10,000 feet. The figure shows clearly that two segregated classes are 
necessary, with possibly a third class for VTOL, 

This segregation of aircraft will continue during the 1980's as more of the 
airspace becomes restricted in terms of equipment required and user flexibility (expand- 
ing TCAs, PCA, iPC, etc.). Unfortunately, segregation will probably continue to 
expand os much to satisfy the ATC complex os out of operational necessity. Although 
feasible alternatives exist to expedite mixed traffic flow, the evolution of responsibility 
toward the ground system practically precludes pilot participation and resolution of 
mixed conflicts. 

The air carriers are primarily motivated by schedule reliability into the 
country's major airports to maximize their market profitability. However, GA Groups 
A and B are just as interested In operational (schedule) reliability, with Group A being 
perhaps more Interested even than the airlines. General aviation corporate aircraft 
take up where the airlines fail to provide reliable and timely service for executive 
transportation. The general aviation fleet os a whole is becoming more sophisticated 
in terms of performance and equipment. This will continue during the 1980's, partially 
os o result of new technology, but also due to availability of better equipment at 
moderate costs. Moreover, the limits of th^ spectrum ore expanding through impiemento- 
Hon of advanced vehicle designs in many areas, such as VTOL. 
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An enforced segregation of general aviation traffic would be unfair to the 
contii 'ly expanding GA industry and would have significant economic repercussions. 
Many general aviation flights (including air taxis, corporate, and commuters) are 
connections to the air carriers for passengers or cargo. Also, a large number of general 
aviation operations are supplemental to the air carrier service at principal airports, 
serving the same market for passengers and cargo as well as the smaller airports not 
served by the air carriers. Some major pros and cons regarding segregated airspace 
are compared in Table 36. 

In summary, there is a very strong possibility that segregation will continue 
due to concentration of ground based authority in the air traffic control system. How- 
ever, in terms of feasibility, continued segregation other than as described is undesir- 
able. The utility of general aircraft can only be fully realized by providing adequate 
flexibility in operational capability. The future air traffic control environment should 
provide means to minimize or limit segregation through proper instrumentation and pilot 
participation in traffic management. 

5.2 CHANGES TO THE UG3RD TO MAXIMIZE GA BENEFIT 

The following comments pertain to changes in the UG3RD which would 
minimize avionics requirements for GA, or which could offer additional services as 
a result of avionics that wilt be introduced in the UG3RD. They include modifications 
or additional potential capabilities of IPC, RNAV, DABS and BCAS. 

The IPC proximity warning display consists of 36 lights which indicate 
threatening traffic, using a clock code for azimuth and either high, level, or low 
for altitude; no range information is provided. The collision avoidance commands will 
consist of one of four positive commands, (climb, dive, turn left, turn right) or 
four negative commands (do not turn left, right, climb, or dive). The foremost 
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Table 36. Pros and Cons of Segregated Airspace, 


Positive 

Negative 

1. Reduced collision risk between 
dissimilar aircraft. 

1. Defeats flexibility designed 
into vehicles. 

2. Requires stratification (hori- 
zontal boundaries) or vertical 
boundaries requiring a certain 
degree of navigational sophisti- 
cation; horizontal boundaries 
restrict flexibility. 

3. Requires constant monitoring 
of boundaries. 

4. Requires evasion techniques 
after intrusion detection and 
the high performance aircraft 
must adjust, 

5. Limits origin/destination 
(e.g., intercity VTOL). 


problem with IPC is that the system will attempt to accept responsibility for aircraft 
separation with as little as 30 seconds to go before a potential collision. Moreover, 
this is to be done with relatively limited information, with no Interaction between 
the pilots or the controllers, and with logic which has proven to be detrimental to the 
solution of the conflict in some cases. A more attractive alternative to the tPC 
display is to uplink the Information about conflicting aircraft using the DABS data 
link in a format such that range, altitude and bearing informat .n are available for 
the user to display in whatever manner he prefers. This might involve purchase of the 
prototype IPC display or an alternative, such as an alphanumeric printout of the infor- 
mation, a map display of the conflict, or as Input to an airborne traffic situation dis- 
play, In any case, the user could decide for himself how M utilize the Information 
and display it meoningfully and economically for his avionics complement. 
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Secondly, IPC commands should be considered as advisories. If fhe pilot 
were unable to see the other aircraft and resolve the conflict on his own, he coo'd 
then respond to the advisory command with confidence that It would tend to improve 
the situation. The logic for avoiding the conflict would have to be changed from i s 
present form so that it could be relatively easily understood by pilots and so that it 
would not create situations in which the conflict Is aggrevated. These commands 
should also include the desired heading and/or altitude. In the case of IFR controlled 
aircraft, the proposed commands should be made available to the controller first to 
permit him the opportunity to resolve the conflict before the aircraft reacts on its 
own. In no case should the legal responsibility for separation of aircraft be exchanged 
with 30 seconds or less to go to a potential collision. 

DABS, with its associated data link, has the potential for providing a number 
of valuable services to general aviation at very low cost. These Include area naviga- 
tion, ground proximity warning, terrain/obstacle avoidance, weather depiction, and 
traffic information. All the necessary information to provide these services is avail - 
able from the DABS sensor and the ATC computer; the data link is adequate to trans- 
mit the information to the cockpit. Unfortunately, the only planned use of this 
capability in the UG3RD is to drive the IPC display. Consequently, the general 
aviation user who is forced to purchase a DABS transponder with altitude encoder 
and IPC display will not receive the maximum available benefit from his Instruments. 
Moreover, the ATCRBS transponder and encoding altimeter will provide collision 
avoidance protection from all controlled aircraft and from those DABS*equIpped un- 
controlled aircraft. Therefore, the GA user would have little motivation to purchase 
the DABS transponder and IPC display, since he would gain additional protection only 
from those uncontrolled aircraft who are equipped with ATCRBS and the encoding 
altimeter. If the design were modified to Include area navigation, then the user 
would gain more value for his investment. 
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One primary reason l-haf the present IPC display was adopted (thereby 
limiting its capability to collision avoidance alone) was the desire to keep its cost 
low. Consequently/ the main deterent to modifying the UG3RD to reduce avionics 
requirements is the absence of a low cost general purpose display. This is the foremost 
weakness of the UG3RD; namely, that the capability and potential of the DABS data 
link is being used only to provide IPC which in its present form is unsatisfactory. 

A properly designed IPC display should be able to vector an aircraft using computer 
generated altitude and heading commands transmitted through the DABS data link 
with the same or better precision than a human controller using voice communications. 
The general aviation user would then be able to utilize airspace requiring a 3-D 
RNAV capability whether RNAV equipped or not. With the addition of airspeed 
commands, the user would obtain a 4-D RNAV capability. 

Another modification to the UG3RD concerns area navigation equipment. 

At the present time the term "area navigation" usually refers to VOR/DME area 
navigation. However, the RNAV system should be designed to accept any navigation- 
al equipment capable of positioning the aircraft to the accuracy requirements speci- 
fied in Advisory Circular 90-45. The RNAV structure should not be irrevocably tied 
to the location of the current VORTAC stations. A more universal and flexible 
approach is to establish waypoints on the basis of latitude and longitude, such that 
any of the available area navigation systems would be able to identify and store 
the waypoints easily. A proposal to uplink the waypoint Information using the 
VOR/DME system would clearly be detrimental to the possible implementation of 
systems such as Loran-C and Omega. The VDR/DME system Is noncompetitive in 
terms of providing area navigation coverage at low altitudes and in remote areas 
critical to general aviation. The capital investment costs and the operational 
maintenance costs are an order of magnitude larger for VOR/DME coverage on a 
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per square mile of coverage basis than are those of Loran-C or Omega. Thdt is 
not to say that the VOR/DME network should be abandoned; but it Is not cost effective 
to attempt to provide universal coverage at low altitude by proliferation of the VOR/ 
DME system. Therefore, any steps taken to implement the RNAV systm should be 
independent of the VOR/DME network. 

The SynchroDABS option could provide a substantial improvement in the 
capability of the DABS system as it is presently planned. The baste Ingredient of 
SynchroDABS is to time the ground interrogations so that the aircraft always respond 
at instants of universal time. This permits a one-way range measurement from any 
DABS equipped aircraft, since any aircraft in the system automatically has a clock 
kept at universal time. Consequently, each time an aircraft responds, all others 
which hear the reply can determine their range from it. If each aircraft, in addition, 
is equipped with an antenna capable of determining the direction from which the trans- 
mission is received, then bearing as well as range would be available for determining 
the location of any other transponder. This would enable an aircraft to obtain range 
and bearing information from any arbitrary location, by merely placing a transponder 
at the selected site. For example, transponders could be placed on obstructions, 
on mountain tops, or at airports in remote areas to provide a very low cost DME, In 
addition to providing proximity warning or collision avoidance information. 

Similar possibilities exist with the semiactive BCAS system. Since the 
range and bearing to a transponder is geometrically determined by the difference In 
the time of arrival of the direct signal and the signal via the transponding aircraft, 
it is possible to create a DME or a navigation beacon by placing transponders 
wherever they are needed. However, to be meaningful for general aviation, the 
BCAS must be low in cost, high in reliability, light in weight, and have a good 
mean time between failu"es. 
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Another possible advantage to general aviation using the beacon system is 
a technique known as PALM precision altitude landing monitor). The PALM system 
is essentially another form of MLS where the position of the aircraft is determined by 
observing with monopulse technology the direction from which the aircraft reply 
comes. Accuracy has been demonstrated by Lincoln Laboratory to G.06 degrees, 
which is more than adequate for precision instrument landings (Reference 108). The 
major advantage of the PALM system is the elimination of multipath; the time sequenc- 
ing of the signal is known and reflections from other locations are not close enough in 
time to contaminate the measurement to the aircraft. Azimuth and elevation informa- 
tion is available on the ground and could be sent back to the airplane over a data 
link, such as the DABS data link. This data could be presented directly through the 
IPC display which could give the general aviation user an ILS without having to buy 
any additional equipment beyond the DABS transponder and IPC. The PALM system 
is demonstrated hardware which operates slmilcrly to the norma! DABS Interrogator, 
except that it interrogates every l/lO of a second instead of every 4 seconds. It 
also provides range information to an accuracy of at least 250 feet at o distance 
of 30 miles. The same concept would also work with the beacon transponder by 
uplinking the information on a VHP data link or by transmitting commands to the 
airplane similar to a normal GCA approach. Apparently, PALM has received limited 
publicity and enthusiasm from the FAA becouse it is competitive with the MLS system 
selected by the U.S. to submit to ICAO. 
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SECTION 6 

CONCLUSIONS AND RECOMMENDATIONS 


This secHon ouflines the major conclusions and recommendations determined 
from the study. 

6.1 CONCLUSIONS 

A proliferation of navigation systems v/ill continue to exist in the 1980's, 

Any area navigation system meeting the provisions of Advisory Circular 90-45 or 
equivalent should be considered for operations in the RNAV network. Omega naviga- 
tion is already available; the ground network is in place and operational, and first 
generation Omega receivers are operational in general aviation aircraft. However, 

Loran-C Is becoming a strong candidate for future RNAV use, and has been designated 
the primary navigation system for the U.S. coastal confluence zone. The East Coast 
chain is In place; the West Coast chain Is expected to be on the air In a matter of 
months; and new stations will complete coverage in the Gulf of Mexico and the Gulf 
of Alaska. Current construction together with existing Loron-C stations will provide 
inland coverage over two-thirds of the U.S., and there are pressures to complete 
coverage to the internal U.S. Several studies have considered replacing the VOR/DME 
network with Loran-C ofter the ICAO commitment to VORTAC expires in 1985, While 
DME offers an accuracy that is equivalent to Loran-C, the capital installation costs 
and the operating and maintenance costs are far more expensive. Since DME operates 
Une-of-sight, it is of no value far from land, in mountainous areas, or far from the 
transmitter sites. Although DME Is operational in high density areas, Loran-C has such 
promise that more consideration should be given to developing a genernl aviation Loran- 
C receiver. 

The system that makes the most sense Is a hybrid Loran-C/Omega receiver 
because the two systems are complementary. They are both hyperbolic systems, and 
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about 80 percont of the components ore common to both. The only major difference Is 
In the front end; Loran-C operating at lOO kHz and Omega In the 10 kHz band. Since 
Omega has world-wide coverage with an accuracy of about one mile, It Is useful over 
water and as a backup to Loran-C In the event of outages or lack of coverage. Loran- 
C can provide the differential capability for Omega which Is necessary for Omega to 
meet the requirsments of Advisory Circular 90-45, The combination of Loran-C and 
Omega together would be better than either one alone In terms of both accuracy ond 
reliability. The hybrid receiver would also be valuable in providing nuvigotion capa- 
bility during the transition from VOR/DME to Loran-C if such a transition takes place. 

Por communications our conclusion is that a low-cost general aviation dis- 
play to operate with data link Is of extreme importance. The data link will most likely 
be the DABS data link; however, even If DABS Is not implemented, a separate VHF 
data link will probably be developed, In which case the display will still be required. 
The display could have other uses, such as presenting IPC information or to present 
aircraft attitude and navigational information. 

For surveillance, It is anticipated that DABS will be Implemented, although 
the IPC function as presently envisioned is unsatisfactory for general aviation. It 
could be improved as suggested earlier. 

6,2 RECOMMENDATIONS 

The first recommendation is to conduct research to develop a low-cost, low- 
power, cockpit display for general aviation. This display could be used to show alpha- 
•'umeric Information from the data link, to display graphical information iuch as a 
readout for area navigation, or to display attitude Information, At the present time, 
a cathode-ray tube is the only viable display available which can present the informa- 
tion at all ambient light levels. However, the cothode-ray tube requires high power 
and is slightly undesirable from a safety standpoint, in that it requires high voltage and 
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could suffer from implosion In the evenfof an accideni'. Also, it is a large device 
which requires considerable space beyond rhe instrument' panel. The Ideal characteristics 
of a GA display are: a flat shape, taking up rala^’vely little dupth; low cost, preferably 
under a few hundred dollars; lower power, which might be achf'*ved by using ambient 
light Instead of providing its own light; and sufficient resolution to present graphic 
information. Alternate displays available now fail in one or more of these categories. 
Besides its imminent need with the data link, the cockpit display would be useful for 
area navigation, for a traffic situation display, and for an Integrated cockpit. The main 
reason that the prototype IPC display evolved as it did was an attempt to keep the cost 
low. As a result. It provides less than the total desired amount of information and 
prevents evolutionary changes to the concep*-. 

The second major recommendaJ-ior. is the development of g Loran-C/Omega 
hybrid receiver for general aviation. This combination has been justified by a number 
of studies for their complementary features and their considerable savings In common 
circuits. Omega is operational, and Loran-C implementation is continuing; yet there 
is no low-cost Loran-C and/or Omega reciever available for general aviation. 

The third recommendation is that a front-end converter be developed which 
would receive MLS signals and transform them into conventional ILS modulation, thus 
permitting general aviation users to utilize MLS with existing airborne equipment. 

The converter should be so designed that the MLS/lLS glideslope and localizers could 
be selected In combination. 

A fourth recommendation, which is predicated on the availability of a cock- 
pit display and data link, is the development of a weather presentation for single- 
engine aircraft. At the present time, weather radars are only available to multi-engine 
aircraft, since the airborne antenna is mounted in the nose. A phased array weather 
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radar has baon designed and buill- for single-engine aircraft; but production costs of 
finite elements are too great for cost-effective production. With a data link and a 
display, the weather depiction could be uplinked from the ground on request to show 
the weather as detected by the ground radar. At the present time, the single-engine 
pilot has to specifically ask the controller for radar weather information, and the 
request is often denied because the controller is too busy. 

Other useful Information presently available to the controller is orally re- 
layed to the pilot only randomly or by specific request. An example is the warning 
display 'd to an ARTS controller when an aircraft descends below the minimum enroute 
altitude for any flight segment. One accident has already occurred In which the 
controllers were aware that the aircraft was too low for his position, but the informa- 
tion was not reported to the aircraft i;. a timely fashion. It should be possible to 
uplink this information automatically, so that the warning available on the ground is 
also provided in the cockpit. 

Another candidate for shared Information is the traffic itself; it has already 
been recommended that IPC be modified to provide traffic information on conflicting 
aircraft to the general aviation pilot. It is also possible to uplink all the traffic In- 
formation so that the individual aircraft can selectively display that traffic which might 
be of interest ,o him even though it does not constitute a threat. The uplinking of the 
information presents no technical problem; it can be done simply on a single VHP 
channel. The difficulty is filtering and processing the data in the aircraft in order to 
present information to the pilot in a relative format and in an altitude and range band 
rhat he might select. 

At the component level the most Important effort should be to Improve reli- 
ability In the face of high temperature and vibration. The highest temperatures often 
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occur when the aircraft Is parked and the equipment Is off. High power solid state 
transmitters are needed for DME/ weather radar and beacon transponders. A low cost 
gyro-stabilized magnetic compass would be desirable in order to downlink heading. 
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